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INTRODUCTION 
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From clouds, but of all colors seems to be melted to one vast Iris in the west, 
where the day joins the past eternity. 
  (Byron) 
Since ages flowers have attracted the interest of mankind for being a symbol of 
peace, purity, beauty and perfection; displaying flowers at home is as important 
as it was in the 2
nd
 century AD. Ikebana, the Japanese art of formal flower 
arrangement, began early in 7
th
 century; the Aztecs of the 10
th
 to14
th
 century 
illustrated the desire for flowers. Floriculture has emerged as a sunrise industry 
and includes production of cut flowers, flowering bulbs, seeds, aromatic oils, 
pots and landscape plants. 
India ranked 23
rd
 among the world exporters of floricultural products and its 
share in world exports was negligible at around 0.38%, US $46 million 
(Export-Import bank, India, 2007). In India the area under flowers has crossed 
one-lakh hectares concentrated mostly in Karnataka, Tamil Nadu, Andhra 
Pradesh, Maharastra, and West Bengal (Patil et al., 2011). According to a 
report of the NHB, the total area under flower crops in 2009-10 was estimated 
to be around 175.72 ha, which includes traditional flowers such as jasmine, 
chrysanthemum, gomphrena, crossandra, tuberose, aster, marigold, lotus, 
Indian orchid rose, carnation, gladiolus, lilium, snapdragon, gerbera etc. Indian 
floriculture industry has been shifting from traditional flowers to cut flowers 
for export purpose. The liberalized economy has given an impetus to the Indian 
entrepreneurs for establishing export oriented floriculture units under 
controlled climatic conditions. The popularity of floriculture is catching up 
with progressive farmers in many states. Some years ago, government 
announced a target of US$ 2 billion for India's floricultural exports by 2010. In 
2006-07 the exports reached US$ 1.3 million (Sarkar, 2011). In 2007-08 when 
world economy was still galloping, India's flower exports plummeted to US$ 
0.64 million. 
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(A) 
(B) 
(C) 
Fig A, B, C: Status of cut flower exports during the last decade in India 
(Source: NHB, 2010 and Floriculture Today, May, 2011)  
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Traditional floriculture in India supports livelihood as small and marginal that 
farmers cannot venture into hi-tech floriculture. Tastes and trends keep 
changing in the floriculture trade as in fashion industry. India's production 
capacity is much lower compared to its competitors in the international market. 
In the EU market, India faces intense competition from East African countries 
while in Japanese market its competitors are South Korea, Thailand, Australia 
and New Zealand. These have immense production capacities and provide 
variety and quality of flowers which conform to the international standards. 
With over 300 million middle and higher income population, India is the 
world's 2nd largest consumer base and fastest growing retail destination 
(Sarkar, 2011). Flower consumption (growing at a whopping 30% per annum), 
variety of festivals, increasing modernization and upward trend of per capita 
income can make India a floral super power of the future. A huge domestic 
market supports high quality export oriented flower production by providing a 
unique competitive edge. India, China, Bangladesh, Sri Lanka and Pakistan 
along with other countries of the region make South Asia, the world's largest 
market and India is emerging as world's fastest growing flower and gardening 
market. 
The world floriculture industry is in a state of unrest, with drastic changes in 
supply and demand positions. New markets as well as new suppliers are 
emerging and disappearing in short span of time. In 1950s, the global flower 
trade was less than US $3 billion (Anonymous, 2008). Recently the flower 
production was valued at US $40 billion (Getu, 2009). The growth potential of 
the industry although affected significantly by the recent global economic crisis 
yet the global exports have been growing at an annual average growth rate of 
10.3 percent and at this growth rate world exports are expected to reach US$ 25 
billion by 2012 (Roy, 2011). The Netherlands, Japan and USA account for 
nearly half of the world flower trade (Kargbo et al., 2010). China‟s cut flower 
market has grown nearly 20 times in the last decade (Xiangyu et al., 2007).  
The increased competition in production and distribution of global floriculture 
industry has prompted established producers such as Ecuador, Kenya, Malaysia 
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and Thailand to express concern about the growth of the industry in China and 
India. China reportedly increased annual exports of flowers to US$ 20 million 
or to more than a billion stems in 2010 (Ando, 2009; Kargbo et al., 2010). New 
flower centers have emerged in locations such as Dubai, Tel Aviv and China. 
These centers are envisaged to affect overall efficiency and lower the 
transactions costs for distant producers resulting in increased pressure on prices 
of cut flowers and foliage. The second important development, to a large extent 
is linked to increased competition and considerable progress that has been 
made in the consolidation and vertical integration. The merger of the two 
largest Dutch cooperative flower auctions (FloraHolland and Bloemenveiling 
Aalsmeer) has given rise to the world's largest flower market place called 
FloraHolland, with combined sales of about US $ 4.68 billion (Sarkar, 2011). 
The emergence of the online sales marketing channel is steadily growing in the 
recent years with increasing urbanization and a culture of 'saying it with 
flowers' (Patil et al., 2011). 
Different states within India have already started their unending journey in the 
floricultural sector but Jammu and Kashmir situated in the lap of genetically 
diverse Himalayan range is still lagging behind despite its enormous rich 
ornamental flora. Ornamental horticulture in Jammu and Kashmir can be aptly 
described as a sleeping giant with great potential for becoming an important 
component of our agriculture, horticulture and floriculture. 
It is in this perspective that the present study has been undertaken to gain an 
insight into physiological changes during flower senescence in Iris germanica 
L., Iris kashmiriana Baker, Iris versicolor L, Iris ensata Thunb and Ixia sp L. 
Besides postharvest studies were conducted to enhance the vase life by using 
storage treatments under various temperature regimes, sugar sources (sucrose), 
biocide (8-hydroxyquinoline sulphate; 8-HQS), protein synthesis inhibitor 
(cycloheximide; CHI), cobalt chloride (CoCl2) alone or in combination. 
Besides this, physiological and biochemical changes during flower senescence 
were studied in Iris germanica L., Iris kashmiriana Baker, Iris reticulata L., 
Iris ensata Thunb. and Ixia sp. L. Preliminary electrophoretic studies were 
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conducted to gain an insight into changes in protein patterns during flower 
senescence. These studies would help in understanding strategies of flower 
senescence in Iridaceae. Besides the studies would help in identifying potential 
cut flowers within the family.  
A comprehensive review of literature has been written on “Physiology of 
flower senescence with special emphasis on Iridaceae” in order to gain an 
insight into various strategies of flower senescence and the important 
biochemical and molecular events associated with it. 
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The family Iridaceae is a family of bulbous plants included in the monocot 
order Asparagales. Almost cosmopolitan in distribution, it is one of the most 
important prized family in horticulture and floriculture. 
Family Iridaceae 
Habit Herbs/ Shrubs 
Life Span Perennial (Evergreen or seasonal) 
Reproduction Rhizomes/ Bulbs/ Corms 
Leaves Alternate (Oriented edgewise to aerial stem; 
Sword shaped); Isobilateral and Unifacial 
Inflorescence Spike/ Solitary/ Monochasial, Umbellate cyme 
enclosed in bracts called rhipidium 
Flowers Bisexual; Actinomorphic/ Zygomorphic 
Perianth 6 (3+3) tepals 
Androecium 2 or 3 stamens 
Gynoecium 3 carpels; Ovary: Inferior; Trilocular 
Placentation Axile 
Fruit Capsule 
Table 1: Characteristic features of family Iridaceae 
The family Iridaceae is a well defined assemblage of approximately 1800 
species from 70 to 80 genera representing one of the largest families of the 
superorder Lilianae (Dahlgren et al., 1985; Goldblatt, 1990, 1991; Simpson, 
2006). This cosmopolitan family has a marked concentration in Africa south of 
the Sahara, including Madagascar and over 1130 species occur there out of 
which almost 1000 are restricted to Southern Africa. Some 335 species occur in 
Eurasia including North Africa and the Canary Islands, about 290 species occur 
in the New World and just 36 species in Australasia. Family Iridaceae was 
recognized to accommodate the families and genera comprising the petaloid 
monocots, Asparagales, Liliales, and Melanthiales (Dahlgren and Rasmussen, 
1983; Dahlgren et al., 1985). The status of Asparagales and Liliales has since 
been confirmed by molecular studies (Chase et al., 1995). The order 
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Melanthiales is heterogeneous in nature including some families 
(Melanthiaceae) accomodated in the Liliales (Chase et al., 1995; Goldblatt, 
1995; Angiosperm Phylogeny Group, 1998). The family Iridaceae was kept 
within Asparagales. The position of the Iridaceae within Asparagales at first 
seems difficult to justify on the basis of morphology. Most Asparagales with 
dry fruits have seeds with a black seed coat (with a layer of phytomelan), 
extrorse anthers, and septal nectaries, but seeds of all members belonging to 
Iridaceae lack phytomelan. Goldblatt, 1990, 1991 has shown that septal 
nectaries are ancestral in the Iridaceae and anthers are consistently extrose. So, 
relationship of Iridaceae is stronger with Asparagales than with Liliales in 
which anthers are ancestrally introse and nectarines are perigonal (Table 2). 
Distinguishing 
characters 
Orders/ Classes 
Asparagales Liliales Iridaceae 
Phytomelan in seed coat Present Absent Absent 
Anthers Extrose Extrose Introse 
Nectaries Septal Septal Perigonal 
Table 2: Comparison of characters of Iridaceae with Asparagales and 
Liliales 
The only apparent inconsistency in assigning Iridaceae to Asparagales now 
appears to be the seeds representing an evolutionary reversal not restricted to 
the family but also found in Orchidaceae and Doryanthaceae. The 
relationships of the Iridaceae within the Asparagales appear to lie with three 
small families Tecophilaeaceae, Doryanthaceae, Ixioliriaceae. This association 
is not related by external morphology and the precise identification of the 
families immediately allied to Iridaceae has not proved useful in understanding 
the phylogeny and evolution within this family. DNA sequence studies, 
however, consistently indicate this pattern and as such it is concluded that 
Iridaceae and the families most closely allied to it differentiated a long time 
ago (late Cretaceous or early Tertiary) and their living descendants have 
diverged so much from their ancestral stock that their relationships have been 
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obscured at the morphological level (Chase et al., 1995). Iridaceae thus appears 
to be phylogenetically isolated, easy to define and recognize. The first 
phylogenetic analysis of Iridaceae using modern cladistic techniques formed 
the basis of the most recent classification of the family (Goldblatt, 1990). This 
analysis used 52 characters from phytochemistry, cytology, pollen structure, 
anatomy and morphology to identify four major clades. Given subfamily status 
these were designated as Isophysidoideae, Nivenioideae, Iridoideae, and 
Ixioideae (Goldblatt, 1991). Iridoideae was shown to comprise tribes Mariceae, 
Tigrideae, Iridineae and Sisyrinchieae, and subfamily Ixioideae comprised 
tribes Pillansieae, Watsonieae, and Ixieae. In a subsequent cladistic analysis of 
Iridaceae 33 characters that mostly included anatomical characters were used 
for the study (Rudall, 1994). This analysis recognized the four subfamilies and 
seven tribes. However, the relationships among the subfamilies found in the 
two separate analyses were not identical. The principal areas of conflict 
concerned the relationship of Ixioideae to the rest of the family and the 
placement of Isophysis. In Goldblatt‟s scheme, Ixioideae was shown to form 
the most derived clade whereas in Rudall‟s analysis Isophysis together with 
Nivenioideae formed the most derived clade. The most recent phylogenetic 
representation of Iridaceae used molecular data derived from the region coding 
for protein 4 of the plastid small ribosomal subunit (rps4) (Souza-Chies et al. 
1997). This tree inferred by the interpretation of a relatively small number of 
molecular characters (600 base pairs, of which only 18% were potentially 
parsimony informative), placed Isophysis as the sister taxon to the rest of the 
family. Subfamily Ixioideae formed a well-supported clade, although there was 
little resolution within them and subfamily Nivenioideae did not form a 
monophyletic group but rather a paraphyletic grade with Ixioideae as the 
terminal clade. The monophyly of subfamily Iridoideae was challenged by 
molecular characterization of rps4. Few non-molecular characters remain to be 
studied that could resolve the conflicts among the phylogenetic interpretations 
of Iridaceae. Rudall‟s study included molecular characters from three 
additional plastid regions as a source of phylogenetic information and 
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combined these data with the supplemented rps4 data of Souza-Chies et al. 
(1997) into a single matrix. The three plastid DNA regions sequenced were the 
trnL (UAA) intron, the trnL-trnF (GAA) intergenic spacer (as the trnL-F 
region) and the gene for the large subunit of ribulose 1, 5 bisphosphate 
carboxylase/ oxygenase (rbcL). The aim of this analysis was to enhance the 
current understanding of phylogeny of Iridaceae and elucidate some presently 
unresolved questions. 
The position of Iris in different classification systems was confusing. The 
commonly used criteria in the classification of Iris are based on morphological, 
anatomical, ecological and cytogenetic analyses although not reliable (Mathew, 
1981; Rodionenko, 1987; Ellis, 1997). The newest phylogenetic schemes in the 
family are based on molecular methods (Reeves et al., 2001; Souza-Chies et 
al., 1997; Wilson, 2009, 2011; Raycheva et al., 2011). Iridaceae was 
traditionally referred with Liliaceae where as Cronquist (1988) retained it as a 
part of Liliales. Hutchinson (1934, 1973) assigned Iridaceae to its own separate 
order, Iridales, and Takhtajan (1969) to Iridales together with the saprophytic 
herbaceous families Geosiridaceae, Burmanniaceae and Corsiaceae. Dahlgren 
and Clifford (1982) largely following Huber‟s (1969) classification of 
Liliiflorae (with much emphasis on seed characters) assigned Iridaceae to 
Liliales but subdivided Liliaceae into smaller families in a different order, 
Asparagales (Table 3). The Angiosperm Phylogeny Group, (1998) system 
based on molecular phylogeny data placed Iridaceae in the order Asparagales. 
Iridaceae has no obvious close relatives among Liliales or Asparagales apart 
from the monotypic family Geosiridaceae, now included within Iridaceae-
Nivenioideae (Goldblatt et al., 1987). Dahlgren and Rasmussen (1983) 
suggested affinities with Campynemaceae and Colchicaceae. Goldblatt et al. 
(1984) later disputed the affinities of Iridaceae with Campynemaceae. 
Colchicaceae is probably the best outgroup among Liliales, as it shares some 
characters with Iridaceae, such as a “conspicuously coleoptile-like cotyledon” 
in the seedling (Dahlgren et al., 1985). Cronquist (1988) regarded Iridaceae 
(together with other families, such as Agavaceae) as “derived directly” from 
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Liliaceae sensu lato, which includes many Asparagales and many authors have 
regarded the „pachycaul‟ Dracaena-type habit with secondary thickening 
growth present in a few genera of Iridaceae and several families of Asparagales 
as important for the natural classification of this group (Waterhouse, 1987; 
Rudall, 1991). Some anatomical characters link Iridaceae more closely with 
some Asparagales than Liliales. Goldblatt (1990) did not attempt to identify an 
outgroup taxon but used a hypothetical outgroup, with many characters 
polarized on Isophyssis as the outgroup. Chase et al. (1993) using molecular 
data from rbcL, have placed Iridaceae in the Asparagalean clade.  
Bentham & Hooker (1883) 
(adopted largely by Dids, 1930 
and Goldblatt, 1971) 
3 tribes: Moraeeae, Sisyrinchieae, Ixieae. 
Sisyrinchieae subdivided into 4 
subtribes: Croceae, Cipureae, 
Eusisyrinchieae, Aristeae. 
Pax (1888) 
 
3 subfamilies: Crocoideae, Iridoideae 
(with 4 tribes), Ixioideae (with 3 tribes). 
Hutchinson (1934) 
 
1 tribes: Isophysideae, Sisyrinchieae, 
Mariceae, Irideae, Cipureae, Tigrideae, 
Aristeae, Ixieae, Croceae, Gladioleae, 
Antholyzeae. 
Dahlgren, Clifford & Yeo (1985) 5 subfamilies: Isophysoideae, 
Aristeoideae, Sisyrinchioideae, 
Iridoideae (with tribes Irideae, 
Tigridieae, Mariceae) and Ixioideae. 
Goldblatt (1990) 
 
4 subfamilies: Isophysidoideae, 
Nivenioideae, Iridoideae, Ixioideae. 
Table 3: Comparison of main classification systems of Iridaceae 
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Rodionenko (1987) circumscribed Iris as a rhizomatous genus and recognized 
the three bulbous lineages (Scorpiris, Hermodactyloides and Xiphium) as 
distinct genera. In has been however suggested that rhizomes were ancestral for 
Iris and that bulbs originated several times and as such the bulbous species 
were resolved within Iris (Mathew, 1989; Wilson, 2006, 2011). The precise 
relationships of the three bulbous groups of irises, the junos (subgenus 
Scorpiris), the reticulatas (subgenus Hermodactyloides) and the xiphiums 
(subgenus Xiphium) have been the subject of much discussion. They have been 
treated by various authors as sections or subgenera within the genus Iris L. 
Lawrence (1953) treated the reticulatas and xiphiums as separate sections 
within one subgenus. On the other hand, Rodionenko (1961, 1987) considered 
the bulbous irises sufficiently distinct to be placed in their own three genera 
(Juno Tratt., Iridodictyum Rodion. and Xiphium Mill. respectively). It is 
generally held that within the genus Iris, unifacial leaves and a rhizomatous 
habit are ancestral and that the bulbous irises, the junos and xiphiums (with 
bifacial leaves) and the unifacial-leafed reticulatas have developed from these 
forms. 
In the past, the large genus Iris L. has been subdivided many times. The 
bulbous groups of irises are often treated as separate genera and even now the 
genera Belamcanda Adans., Pardanthopsis (Hance) Lenz and Hermodactylus 
Mill. are maintained by most authors suggesting different points of view about 
the classification of the genus Iris and its relatives (Hall et al., 2000). The 
investigation of two regions in plastid (chloroplast) DNA, a protein-coding 
gene, rps4 and a largely noncoding region, trnL-F have produced DNA 
sequences which have been used for assessing the relationships for Iris and its 
closest relatives (Reeves et al., 2000; Tillie et al., 2000). 
In the Kashmir Himalayas Irises grow in alpine and sub-alpine grasslands, 
roadsides, gardens, saffron fields, streams, graveyards and cemeteries at 
altitudes ranging from 1650 to 3500 m (Zeerak and Wani, 2007). Various 
species of Irises present in Kashmir are Iris ensata Thunb, Iris germanica 
Linn., Iris kashmiriana Baker, Iris xiphium Linn., Iris reticulate M. Bierbstein, 
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Iris pallida Lamarck, Iris hookeriana Foster, Iris variegate Linn., Iris 
flavescens DC, Iris crocea Jack, Iris aurea Lindlay, Iris albicans Lange, Iris 
spuria Linn., Iris tectorum Maxim. (Randolph and Randolph, 1959; Singh and 
Kachroo, 1976; Zeerak and Wani, 2007). There is a general consensus that 
majority of Irises were introduced as ornamentals by Mughals and the 
Britishers to adorn road sides, graveyards and public places, however species 
such as Iris ensata, Iris reticulata, Iris hookeriana and Iris kashmiriana which 
grow wild throughout Kashmir and Ladakh regions and as such are endemic to 
this Himalayan zone (Koul, 1997; Dhar and Kachroo, 1983). Some species like 
Iris germanica, Iris kashmiriana, Iris ensata are cultivated with great 
phenotypic flexibility mainly because of their perennial clonal habit and hardy 
rhizomes which survive even in harsh environments. 
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Flower Senescence with special emphasis on family Iridaceae 
A review 
This review is aimed at bringing into focus the current advances in 
understanding the mechanism of flower senescence with special emphasis on 
the family Iridaceae. In botanical literature the term „senescence‟ has been used 
in several contexts, many of them very unrelated to the use of the term in 
evolutionary studies (Roach, 1993). Most commonly, senescence is used to 
describe physiological, biochemical and hormonal changes involved in the 
abscission or deterioration of the plant parts (Thimann, 1980; Nooden & 
Leopold, 1988; Rodriquez, Sanchez & Durzan, 1989). In plant cells it can be 
defined as the deteriorative processes that are natural causes of death, besides 
senescence refers to those changes that provide for endogenous regulation of 
death, thereby emphasizing the underlying processes that cause death (Leopold, 
1961; 1980; Jain, 1997). Senescence is designated as transdifferentiation which 
may be defined as „change of a cell or tissue from one differentiated state to 
another‟ (Delorme et al., 2000; Thomas et al., 2003). In this context, the 
conversion of chloroplasts into geronoplasts in senescing leaf cells is 
comparable to the conversion of chloroplasts into chromoplasts in ripening 
fruits and developing flower petal. Senescence is an integral part of the normal 
developmental cycle of plants and can be viewed on a cell, tissue and organ or 
organization level. If cells are no more needed, they die by activating 
intracellular death programme, for this reason this process is named as PCD or 
apoptosis. 
During senescence developmental or environmental stimuli activate a specific 
series of events that culminate in cell death (Laytragoon, 1998). PCD is often 
triggered from outside the cell (van Doorn and Wlotering, 2004). PCD clearly 
does not only refer to death itself, which in many cells occurs within seconds, it 
rather refers to the process that lead to the moment of death and degradation 
(Obara et al., 2001). Senescence and PCD have become overlapping ideas and 
that they somehow overlap in time (Beers et al., 2000; van Doorn and 
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Wlotering, 2004). According to majority of the opinions, the overlap is 
complete whilst some others believe that there is no overlapping at all 
(Delorme et al., 2000; Thomas et al., 2003; Noodén, 2004).  
There has been controversy regarding the use of the terms senescence and 
programmed cell death (PCD) especially with regard to plants, often used 
synonymously at various places e.g. leaf yellowing & petal wilting and 
differently in others, the use of these two terms has led to some confusion 
(Thomas, et al., 2003; van Doorn and Woltering, 2004). The use of the term 
senescence dates back to 106-43 BC (Child, 1915), but the term PCD was 
coined and used for the first time by Lockshin and Williams (1964, 1965) who 
investigated the degradation of insect muscles during metamorphosis. They 
defined PCD as a programme whereby a cell actively kills itself. In plant 
sciences the term PCD was introduced only by the end of the 1980‟s and was 
not common until mid 1990‟s (Kirk et al., 1987; Lascaris and Deacon, 1991). 
Noodén (2004) however, restricted the term senescence to the developmental 
processes in which the close to death symptoms are visible to the naked eye (as 
in leaf yellowing, petal wilting and withering of whole plants at the end of their 
life span). According to this view, the term PCD applies to all other forms of 
cell death including apoptosis, as in root aerenchyma formation after flooding, 
or the death of the embryo suspensor cells after the development of embryo or 
even the degeneration of tapetal cells after pollen maturation. There is an 
agreement that both PCD and senescence are terms that denote the processes 
that lead to the programmed death of individual cells during the early stages of 
development, and to the death of cells in organs and whole plants at the end of 
their life span.  However, it is asserted that senescence in cells is the same as 
PCD and the two are fully synchronous at cellular level (van Doorn and 
Woltering, 2004). 
Apoptosis is a term closely related to senescence and PCD. The term apoptosis 
comes from plant kingdom from old Greek apoptosis that originally means the 
loss of petals or leaves (Narcin, and Damla, 2011). True apoptosis does not 
occur in plants as engulfment of apoptotic bodies and degradation in another 
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cell is not found during the PCD of plant cells as the cell wall prevents 
phagocytosis (van Doorn and Woltering, 2005). Nuclear fragmentation, 
formation of apoptotic bodies, engulfment & final degradation of the apoptotic 
bodies in the lysosome of another cell, Chromatin condensation, caspase 
action, nuclear and plasmsa membrane blebbing, DNA degradation as shown 
by the terminal deoxynucleotidyl transferase- mediated dUTP nick-end labeling 
(TUNEL) method, and fragmentation of DNA into internucleosomal fragments 
(DNA laddering) are characteristic features of apoptosis cell as elucidated in 
Table 2 (Schweichel and Merkel, 1974; Baehrecke, 2003; van Doorn and 
Woltering, 2005; Studzinski, 1999; Narcin, and Damla, 2011), however 
caspases are now known to regulate autophagic PCD besides caspases are 
absent from systems that are truly apoptotic (Jacobson et al., 1997; Baehrecke, 
2003; Orrenius et al., 2003; van Doorn and Woltering, 2005). The final stage of 
apoptosis is the fragmentation of the cell into cellular debris-containing 
vesicles called “apoptotic bodies” that are being phagocytosed by other cells 
(Narcin and Damla, 2011). 
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Table 1: Apoptotic parameters (Studzinski, 1999; Narcin and Damla, 
2011) 
Apoptosis detection parameters Specifity 
Morphological features 
 
 
 
Membrane blebbing 
Shrinking cytoplasm 
Nuclear condensation 
Formation of apoptotic bodies 
DNA fragmentation 
 
 
Breakage of DNA strands 
Formation of apoptotic DNA 
fragments (DNA laddering) 
Proteases activation Activation of  caspases 
Cell membrane alterations Phosphatidylserine translocation 
Mitochondrial changes Alteration of mitochondria membrane 
Release of cytochrome c and 
apoptosis inducing factor 
Different mechanisms of PCD are operational in animals and plants. In 
animals, three main types of programmed cell death (PCD) are currently 
distinguished: apoptosis, autophagy, and necrosis (Kroemer et al., 2009). These 
PCD categories are based on cell morphology and not on biochemical features. 
In plants, even less is known about the biochemistry underlying PCD than in 
animals. It is nonetheless suggested that tonoplast rupture and the subsequent 
rapid destruction of the cytoplasm can distinguish two large PCD classes, 
autolytic and non-autolytic (van Doorn, 2011). Examples of the „autolytic‟ 
PCD class mainly occur during normal plant development and after mild 
abiotic stress. The „non-autolytic‟ PCD class is mainly found during PCD that 
is due to plant-pathogen interactions. 
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Table 2: Classification of cell death in animals and plants (Kroemer et al., 
2009; Ravichandran, 2010, van Doorn, 2011) 
Type of cell death Defining criteria Other criteria 
ANIMALS 
Apoptosis 
 
Apoptotic bodies or blebs 
are formed on cell surface.  
Degradation in other cells 
follows after phagocytosis 
Chromatin condensation. 
Nuclear fragmentation 
Find-me signal. Eat-me 
signal 
Autophagy 
 
Increased numbers of 
autophagosomes, 
autolysosomes and small 
lytic vacuoles 
 
----- 
Necrosis None of the above defining 
criteria 
Cell swelling. Organelle 
swelling. Plasma 
membrane rupture 
PLANTS 
Autolytic 
 
Rapid clearance of 
cytoplasm follows  after 
tonoplast rupture 
Chromatin condensation. 
Increase of vacuolar 
volume and decrease 
cytoplasmic volume. 
Non-autolytic No rapid clearance of 
cytoplasm follows after 
tonoplast rupture. 
Swelling of organelles. 
No increase in vacuolar 
volume 
Senescence in the modular sense is generally considered a beneficial process 
which increases the individual fitness by allowing a plant to get rid of the old 
redundant structures or as prelude to the onset of harsh environments (e.g. leaf 
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fall) but in the evolutionary sense, senescence is a deleterious phenomenon 
which decreases the fitness of the individual (Roach, 1993). The process of 
senescence differs from species to species (Stead and van Doorn, 1994), but the 
timing of the natural senescence is controlled by the developmental age and 
other factors such as stress. The regulation and execution of developmental 
senescence and stress induced senescence share many pathways (Buchanan-
Wollastan et al., 2005; van der Graaff et al., 2006). 
Senescence of flowers is important because the flower can be a substantial sink 
on the plant‟s resources, and as such is energetically expensive to maintain 
beyond its useful life (Ashman and Schoen, 1994). Flower architecture has 
been exploited by pathogens that use the stigma as a point of entry, and thus the 
flower poses an added risk of pathogen attack (Shykoff et al., 1996). Another 
important reason for floral death after pollination is to remove it from the 
population so that it does not compete for pollinators with the remaining 
blooms (Rogers, 2005). 
Flowers have been used as model systems to study senescence as the tissue is 
relatively homogenous and chemical manipulation can be applied without 
substantial wounding (Xu, and Hanson, 2000; Rubinstein, 2000; Eason, et al., 
2002; Hoeberichts, et al., 2005). Most genetic analysis of flower senescence 
have focussed on changes that occur in mature flowers just prior to wilting and 
as such reevaluation of senescence and cell death in plant tissues has assumed 
great importance (Rubinstein, 2000; Thomas, et al., 2003; van Doorn and 
Woltering, 2004). Petal senescence is a part of developmental continuum in the 
flower, preceded by tissue differentiation, growth and maturation of the petal, 
followed by growth and development of seeds coordinated by plant hormones 
(Eason, 2006). Flowers play a crucial role in the perpetuation of the earth‟s 
most dominant group of plants. Having short life because of infected 
pollinators and the more dearths of resources for keeping them showy and 
attractive, the importance for the plant to strictly regulate the death of its 
flowers makes it obvious that a sensitive, tightly controlled programme for cell 
death must exist (Shykoff et al., 1996; Ashman and Schoen, 1997). Indeed, 
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flowers with the most showy petals often have short life (Ashman and Schoen, 
1994). The process of flower senescence is a correlative one as it occurs at 
different rates in different parts of a flower, but the individual flower 
components are all connected to each other (van Staden, 1995). A number of 
morphological and physiological changes are evident that allow the process to 
be readily documented. Unlike leaf senescence, flowers have a species specific 
limited life span which is largely independent of environmental factors, 
(Rogers, 2006). The death of individual tissues and cells within the flower is 
coordinated at many levels to ensure correct timing and is carefully tailored to 
its ecological requirements. Some floral cells die selectively during organ 
development, whereas others are retained until the whole organ dies. 
Mostly plants have a whorl of green sepals and another whorl of variously 
colored petals in their flowers (e.g. Petunia, Clarkia, Dianthus, Rose) while 
others (Iris, Hemerocallis, Nerine, Amaryllis) have undifferentiated sepals or 
petals called perianth (tepals). In some plants such as Helleborus petals are 
absent and the sepals are petaloid which behave as petals (Damboldt and 
Zimmermann, 1965; van Doorn and Woltering, 2008; Shahri et al., 2011a). 
Some flower systems such as Consolida have both sepals and petals but sepals 
have more ornamental value than petals (Shahri and Tahir, 2011a). Flower 
senescence has been described as the last stage of flower development, 
although in the life cycle of most plant species it is not a final stage, rather an 
integral process that allows the removal of a metabolically costly tissue in the 
form of petals (Wagstaff et al., 2002; Eason, 2006; Shahri and Tahir, 2011b). 
Petal senescence- An overview 
The onset of petal senescence in triggered by a number of factors which 
initiates a series of physiological events, orchestrated by plant growth 
regulators (PGRs). Ethylene is a clear regulator of petal senescence in some 
species such as (Stead and van Doorn, 1994); however, in other species such as 
Iris, Hemerocallis and Alstroemeria it appears to play a little or no part 
(Woltering and van Doorn, 1988; Wagstaff, et al., 2005; Islam, et al., 2011). 
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The hormone changes in the different flower parts may activate degeneration 
processes that lead the flower to wilting or death. Senescence signals seem to 
be mediated by floral organs. In flowers such as carnation the ovary seems to 
be the trigger of senescence processes (Jones and Woodson, 1997). Ethylene is 
well known to play a primary role in the ethylene sensitive flowers, while the 
action of abscisic acid (ABA) is not clear. The endogenous levels of ABA and 
ethylene vary during flower development and senescence in the different 
flower organs (Jones, 2004; Ferrante et al., 2006). 
Cell death processes are thought to be regulated by anti- and pro- death 
proteins, which may be expressed throughout the life of the flower, providing 
for the most part a highly regulated homeostatic balance (Eason, 2006). Flower 
senescence is reported to be characterized by transient up regulation of 
numerous genes and down regulation of other genes in flowers of plants such 
as Alstroemeria, carnation, Chrysanthemum, daffodil, Hemerocallis, rose , Iris, 
Sandersonia and Petunia (Hunter et al., 2002; Eason et al., 2000; Eason et al., 
2002; Wagstaff et al., 2002; Verlinden et al., 2002; Hunter et al., 2002; 
Channeliere et al., 2002; van Doorn et al., 2003; Cnudde et al., 2003; Breeze et 
al., 2004; Narumi et al., 2005; Jones et al., 2005). Characterizing generic 
patterns of gene expression has identified common processes that are linked 
with the progression of flower senescence (e.g. ethylene signalling, 
proteolysis). Most of the changes in gene expression are related to the 
degradation and remobilization of macromolecules and transport of the mobile 
compounds out of the petal. Degradation of macromolecules in the senescent 
cell is mainly due to autophagic processes in the vacuole; protein degradation 
in mitochondria, nuclei, cytoplasm; fatty acid breakdown in peroxisomes and 
nucleic acid degradation in nuclei (Bieleski, 1995; Mahagamasekera and 
David, 2001; Wagstaff et al., 2002; Jones et al., 2005; Narumi et al., 2006; Xu 
et al., 2006; Chapin and Jones, 2007; Hoeberichts et al., 2007; van Doorn and 
Woltering, 2008; Lerslerwong et al., 2009; Shibuya et al., 2009; Yamada et al., 
2009). The hydrolyzed products are then transported to newly growing tissues 
such as developing ovaries where they are needed (Halevy and Mayak, 1979; 
M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 30 
 
Xu and Hanson, 2000; Yamada et al., 2001; van der Kop et al., 2003; Zhou et 
al., 2005; Rogers, 2006; van Doorn and Woltering, 2008). 
The pattern of petal senescence varies widely between different genera. 
Depending on the species, petal senescence is visibly shown by wilting or 
withering. Wilting is due to the turgor loss of tepals, whereas withering is a 
color change and slow degradation. In most species with flowers showing 
visible senescence symptoms, the petals abscise and the time between visible 
symptoms and senescence is quite variable. In species like carnation, abscission 
occurs much later than visible symptoms, whereas in flowers like Tulipa visible 
senescence and abscission occur at about the same time and in Alstroemeria, 
the onset of senescence occurs long before the time of wilting and abscission 
(Breeze et al., 2004). Petals of many other species abscise when fully turgid. It 
depends on the species whether senescence processes in these abscising petals 
have started or not (Yamada et al., 2007). 
A large number of internal, external, biochemical and molecular factors play a 
direct or indirect role in the regulation of senescence in flowers, but distinction 
is made between ethylene sensitive and insensitive flower senescence. It is well 
established that ethylene is involved in the senescence of most of the flowers, 
coordinating senescence pathways and regulating floral abscission (Halevy and 
Mayak, 1981; Woltering and von Doorn, 1988). There is a general view that 
there is a gradual increase in the flower's sensitivity to ethylene with increasing 
age (Kende and Hanson, 1976; Suttle and Kende, 1978; Halvey and Mayak, 
1981). Two general patterns of floral senescence based on differences
 
in how 
flowers respond to ethylene are recognized. In ethylene sensitive
 
flowers, such 
as carnation, a rise in endogenous ethylene production
 
triggers senescence and 
coordinates the expression of genes required for the process (Woltering and 
van Doorn, 1988; Woodson et al., 1992; Kende, 1993; Jones et al., 1995; van 
Doorn, 2001; Jones, 2004; Jones et al., 2005; Narumi et al., 2006; Lerslerwong 
et al., 2009). In ethylene-independent
 
flowers senescence as in Iris, Gladiolus, 
there is little ethylene produced before
 
or during senescence. Exogenous 
ethylene does not accelerate
 
senescence and ethylene inhibitors do not elongate 
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floral longevity
 
(Woltering and van Doorn, 1988). However, some flowers as 
in daffodil intermediate pattern of senescence is exhibited. Without 
pollination,
 
their senescence resembles that of the ethylene-insensitive
 
flowers, 
in that there is little ethylene production and only
 
a limited response to 
inhibition of ethylene biosynthesis and
 
action. However, pollination results in 
an ethylene- sensitive
 
type of senescence, with an associated rise in 
endogenous ethylene
 
production and as such application of exogenous ethylene 
accelerates senescence (Hunter et al., 2002). 
In the present review, ethylene insensitive flower senescence with special 
emphasis on family Iridaceae will be presented besides a brief account on 
ethylene sensitive flower senescence. 
Ethylene dependent flower senescence 
Plant hormones have long been implicated in the regulation of flower 
senescence (Pandey et al., 2000; Sexton et al., 2000; van Doorn, 2001; 
Hoeberichts et al., 2007; van Doorn and Woltering, 2008; Ichimura et al., 
2009). During senescence, there is a complex reciprocal action of different 
hormones; for example, ethylene and abscisic acid (ABA) play a major role in 
the initiation of senescence, whereas cytokinins prevent it (Chang et al., 2003; 
Ichimura et al., 2009). The mechanisms through which the hormones or their 
precursors perceive and trigger senescence signals, thus determining changes in 
different tissues such as petals, style, stigma, stamens and ovary are still not 
well known (Trivellini et al., 2011). The involvement of ethylene during flower 
senescence and its specific role have been elucidated comprehensively in 
various plant species such as Dianthus, Delphinium, Lathyrus, Consolida and 
Ranunculus (Nichols, 1966; Mor et al., 1984; Woltering and van Doorn, 1988; 
Borochov and Woodson 1989; Wu et al., 1991; Pandey et al., 2000; Sexton et 
al., 2000; van Doorn, 2001; Hoeberichts et al., 2007; van Doorn and Woltering, 
2008; Ichimura et al., 2009; Shahri and Tahir, 2010b; Shahri, et al., 2011b). In 
these plants, exposure of flowers to ethylene accelerates their senescence and 
ethylene production of flowers increases during senescence (Veen, 1978; Mor 
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et al., 1984; Woltering and van Doorn, 1988; van Doorn, 2001; Ichimura et al., 
2009). This growth regulator orchestrates flower senescence in species where 
petal wilting is accompanied by a burst of ethylene production and accelerated 
by exogenous ethylene (Reid and Chen 2007). Ethylene biosynthesis can be 
inhibited by using specific molecules such as amino-ethoxyvinylglycine (AVG) 
and aminoxyacetic acid (AOA) (Reid and Wu 1992; Shahri and Tahir, 2010b; 
Shahri et al., 2011b). The enzyme ACS (1-aminocyclopropane-1 carboxylic 
acid synthase) is thought to play a role in mediating ethylene signalling. The 
ACS catalyzes the synthesis of 1-aminocyclopropane-1-carboxylic acid (ACC), 
which is directly converted into ethylene by 1-aminocyclopropane- 1-
carboxylic oxidase (ACO) (Wang et al., 2002). Another approach to prevent 
the effects of this growth regulator on ethylene-sensitive flowers is the 
application of 1-methylcyclopropene (1-MCP), which binds to the ethylene 
receptor and regulates tissue responses to ethylene (Serek et al., 1994). Reid 
and Chen (2007) suggest that ABA is a natural regulator of flower senescence 
(Reid and Chen 2007) and is involved in the regulation of the senescence of 
ethylene-sensitive flowers. In rose and carnation, exogenously applied ABA 
modulates an early increase in ethylene production, enhancing the sensitivity to 
ethylene (Mayak and Halevy 1972; Mayak and Dilley 1976). In ephemeral 
flowers such as Hibiscus, the senescence of isolated petals has been associated 
with increased ethylene evolution and the onset of flower senescence has been 
found to be much faster under exposure to ethylene (Woodson et al., 1985). In 
the same way, the flower longevity of ephemeral and long-lived Hibiscus 
cultivars was found to be negatively correlated with ethylene evolution 
(Trivellini et al., 2007) and interestingly ABA also seemed to be tightly linked 
with Hibiscus flower life, showing the same trend as ethylene production. ABA 
may act in concert with or parallel to an ethylene signalling pathway during 
flower senescence. In Petunia AOA treatment has been found to prevent ABA 
accumulation during flower senescence (Ferrante et al., 2006). Effect of 
ethylene on senescence has also been elucidated by the action of silver 
thiosulfate (STS) an inhibitor of ethylene action. Treatment with STS 
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prevented the ethylene induced acceleration of senescence in flowers such as 
Dianthus, Ranunculus asiaticus, Consolida ajacis by markedly extending their 
vase life (Veen, 1979; Mor et al., 1984; Onoue et al., 2000; Shahri and Tahir, 
2010b; Shahri et al., 2011b) In plants such as rose, the expression of some 
genes encoding for ethylene receptors is induced under exogenous ABA 
treatments (Müller et al., 2000). Moreover, the application of fluridone (an 
inhibitor of ABA biosynthesis) reduced ABA levels and extended the longevity 
of cocoa flowers (Aneja et al., 1999). In many ethylene-sensitive flowers 
including Cam-panula, Digitalis, Petunia, Dianthus and Torenia, pollination 
increases ethylene production and accelerates flower senescence (Burg and 
Dijkman, 1967; Nichols, 1971; Stead and Moore, 1979; Whitehead et al., 1984; 
O‟Neill et al., 1993; Larsen et al., 1995; Goto et al., 1999; Kato et al., 2002). A 
burst of endogenously produced ethylene in such flowers initiates senescence 
and coordinates the expression of genes required for the process (Woodson et 
al., 1992; Kende, 1993; Jones et al., 1995; Jones, 2004; Jones et al., 2005; 
Narumi et al., 2006; Lerslerwong et al., 2009). The pathway of endogenous 
ethylene production has been shown to be a developmental consequence or 
induced by pollination (Whitehead and Halevy, 1989; Ketsa and Rugkong, 
2000; Wagstaff et al., 2005; Rogers, 2006; Jones, 2008). In carnation, ethylene 
produced from the pollinated stigma has been shown to be translocated via the 
style and ovary to the petals where it upregulates ethylene biosynthetic genes 
and induces the production of ethylene in the petals (Have and Woltering, 
1997). The enzymes involved may be transcriptionally regulated by the 
endogenously produced ethylene leading to a sudden upsurge in autocatalytic 
ethylene production (Yang and Hoffman, 1984; Woodson and Lawton, 1988; 
Kende, 1993; Tanase and Ichimura, 2006). This suggests that the promoters of 
ethylene biosynthetic genes respond to ethylene and contain ethylene 
responsive elements EREs (Diekman, 1997). The increased ethylene 
production has been shown to be due to higher amounts of mRNAs for 
enzymes responsible for ethylene biosynthesis besides, cDNA clones from 
preclimacteric carnation have been shown to have amino acid sequence with a 
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high homology to ACC synthase (Rottmann et al., 1991; Park et al., 1992; 
Michael et al., 1993; van Altvorst and Bovy, 1995; Jones and Woosdson, 
1999). Using antisense technology for the expression of ACC oxidase cDNA 
fragment, it has been shown that ethylene is an essential inducer of petal 
senescence in carnation and that ethylene evolution is regulated by the levels of 
mRNA for enzymes that result in the synthesis of the hormone (Michael et al., 
1993). Genes for enzymes that were upregulated at about the same time include 
a glutathione S- transferase, an S- adenosyl methionine synthase, β-
glucosidase, β-galactosidase, cysteine proteases, glutamine synthetase, 
asparagine synthetase, aspartic proteases, nucleases, monodehydroascorbate 
reductase and phosphate transporter PhPT1 (Meyer et al., 1991; Raghothama  
et al., 1991; Woodson et al., 1992; Woodson, 1994; Jones et al., 1995; Panavas 
et al., 1999; Eason et al., 2000; Wagstaff et al., 2002; Jones et al., 2005; 
Narumi et al., 2006; Xu et al., 2007; Farage-Barhom et al., 2008; Chapin and 
Jones, 2009; Tripathi et al., 2009; Yamada et al., 2009). The expression of 
most of these genes has been found to be controlled by the application of 
exogenous ethylene supporting the view that their upregulation during 
senescence is regulated by ethylene. The initiation of autocatalytic ethylene 
production and the associated increase in gene expression has been suggested 
to be the result of an increase in the sensitivity of flowers to their continuous 
low endogenous ethylene levels (Woodson and Lawton, 1988). There is also 
evidence that petals become more sensitive to ethylene as they age (Lawton et 
al., 1990). It has been proposed that ethylene may be an effective inducer of 
senescence only in tissues that have reached a particular developmental stage, 
besides it has been suggested that the dependence of the ethylene response on 
the developmental stage of a tissue indicates a mechanism to regulate 
differential sensitivity to ethylene throughout development (Grbic and 
Bleecker, 1995; Tiemann et al., 2001). Hunter et al. (2002) reported that 
daffodil flowers respond to ethylene only after pollination, before which there 
is little ethylene production and only a limited response to ethylene. van Doorn 
(2004) however, suggested that it might be due to a decrease in cytokinin levels 
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or soluble carbohydrate levels. The biosynthetic pathway for ethylene has been 
fully elucidated in higher plants and plants with mutations that affect the 
perception or signal transduction of ethylene. Genes that regulate ethylene 
production, ethylene sensitivity and presence of ethylene have also been 
identified in several cut flowers (Kosugi et al., 2000; Muller et al., 2002; 
Shibuya et al., 2002; Verlinden et al., 2002; Shibuya et al., 2004; Lordachescu 
and Verlinden, 2005). cDNA microarrays have been used to characterize 
senescence associated gene expression in carnation flowers and the results have 
suggested a master switch during senescence controlling the coordinated 
upregulation of numerous ethylene responsive genes of which DC- EIL3 might 
be a part which gets upregulated during senescence (Hoeberichts et al., 2007). 
The expression patterns of ethylene biosynthetic genes have suggested that the 
regulation of ethylene biosynthesis is controlled by different members of two 
gene families, ACC oxidase and ACC synthase, both showing tissue specific 
and developmentally regulated expression (Cornish et al., 1987). The complex 
regulation mechanisms of ethylene biosynthesis and action have provided with 
many potential sites where ethylene response can be controlled by chemical 
treatments or genetic engineering. In rose petals, the expression of ethylene 
biosynthetic genes (Rh – ASC1- 4 and Rh – ACO1) and receptor genes (Rh – 
ETR 1- 5) have indicated that the ethylene biosynthesis in gynoecium is 
developmentally regulated besides, the response of rose flowers to ethylene 
occurs initially in gynoecium and that ethylene may regulate flower opening 
through Rh – ETR3 gene in gynoecium (Xue et al., 2008). Recently an 
ethylene responsive protease gene RbCP1 that is expressed in response to 
ethylene has been identified in rose petals (Tripathi et al., 2009). In carnation, 
ethylene production has been found to be closely correlated with the expression 
of genes CACACC3 and ACC oxidase CARAO1 related to ACC synthase. It 
was also revealed that ACC synthase gene CARAS1 though expressed in all 
flower parts but its activity is either regulated at the transcriptional level or the 
gene product may require additional factors for activity which presumably may 
involve ethylene (Have and Woltering, 1997). In Petunia inflata, a cytochrome 
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P450 gene has been recently identified which was found to express at a level 40 
times greater in senescing petals than in vegetative tissue. The upregulation has 
been found to occur in response to compatible pollination, ethylene treatment 
or jasmonate treatment suggesting its role in the ethylene signalling cascade 
(Xu et al., 2006). The ethylene signal that initiates senescence in Petunia has 
been shown to result in the transcriptional activation of the high affinity 
phosphate transporter phPT1 which functions in the remobilization of inorganic 
phosphate during the later stages of senescence (Chapin and Jones, 2009). 
Besides, ethylene has not been shown to affect the expression of ethylene 
receptor genes in gynoecium of plants such as Dianthus, Geranium and 
Delphinium (Dervinis et al., 2000; Shibuya et al., 2000; Tanase and Ichimura, 
2006). Thus ethylene undoubtedly plays a major role in promotion of 
senescence but role of other PGR‟s cannot be ruled out. 
Cytokinins have been found to delay floral senescence in various plants like 
Dianthus, Petunia and roses (Mac Lean and Dedolph, 1962; Mayak and 
Halevy, 1972; Mayak and Kofranek, 1976; van Staden and Dimalla, 1980; 
Taverner et al., 1999; Lara et al., 2004). Cytokinins are natural anti-senescence 
factors and that their declining levels serve as trigger for increased ethylene 
production (Eisinger, 1977). Feeding carnation flowers with 6-methyl purine, 
an inhibitor of cytokinin oxidase/dehydrogenase has been shown to increase 
life span of petals suggesting that ethylene promotes inactivation of cytokinins 
and facilitates the senescence process (Taverner et al., 2000). Role of 
cytokinins in flower senescence has been elucidated by using transgenic 
approach. The transgenic plants overexpressing IPT gene under the SAG12 
promoter was found to exhibit significant delay in flower senescence and 
corresponding increase in the cytokinin content and decreased sensitivity to 
ethylene suggesting that the regulation of flower senescence involves the 
interactive operation of cytokinins and ethylene. Hoeberichts et al. (2007) have 
recently reported the increase in mRNA abundance of two genes encoding 
cytokinin oxidase/dehydrogenase during carnation petal senescence which was 
found to accelerate cytokinin breakdown and promote corolla senescence.  
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In flowers where the senescence process does not respond to ethylene, ABA 
has been envisaged as being the key factor regulating flower senescence. In 
ethylene-sensitive flowers such as Dianthus and Hibiscus rosa-sinensis, ABA 
has been shown to enhance senescence symptoms by acting as a promoting 
stimulus through an increase in ethylene production (Mayak and Dilley, 1976; 
Ronen and Mayak, 1981; Panavas et al., 1998; Aneja et al., 1999; Müller et al., 
1999). Application of ABA has been shown to promote flower senescence and 
suppress ethylene production in rose flowers and Hibiscus rosa-sinensis 
((Mayak and Havely, 1972; Trivellini, et al., 2011). In certain other flowers, 
ABA was shown to hasten flower senescence (Borochov and Woodson, 1989; 
Vardi and Mayak, 1989). The endogenous concentration of ABA in Hibiscus 
rosa-sinensis during natural senescence was recently reported to be relatively 
low during early flower development, then peaked at the open flower stage and 
finally decreased during senescence (Trivellini et al., 2011). A large increase in 
ABA levels has been observed in the gynoecium prior to or concomitant with 
the ethylene upsurge (Nowak and Veen, 1982; Eze et al., 1986; Onoue et al., 
2000). Nowak and Veen (1982) demonstrated that ethylene perception is 
required for ABA action in carnation and Hibiscus rosa-sinensis as treatment 
with silver thiosulphate an ethylene antagonist completely prevented the 
increase in ABA levels. The removal of gynoecium prevented the induction of 
ethylene production and early petal wilting by exogenous ABA application, 
suggesting that the exogenous ABA acts through the induction of ethylene 
synthesis in the gynoecium (Shibuya et al., 2000; Nukui et al., 2004; Trivellini, 
et al., 2011). Hunter et al. (2004) reported that the premature accumulation of 
senescence-associated transcripts in the Narcissus tepals is induced by ABA, 
independently of ethylene.  
The effects of auxins and cytokinins on petal senescence has been reviewed by 
Borochov and Woodson (1989) but their role in regulating petal senescence is 
not clearly understood till date. Auxins have been found to reduce ethylene 
sensitivity in some tissues while in others, they promote senescence by 
inducing ethylene production. Application of auxins to flowers has been found 
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to stimulate senescence by hastening the rise in ethylene production (Stead, 
1992; van Staden, 1995). Jones and Woodson (1999) reported that 2,4-D a 
synthetic auxin induced the expression of ACC synthetase genes in the styles, 
ovaries and petals. In carnation petals, a transient increase has been observed in 
the mRNA of an Aux/IAA gene following the application of auxins 
(Hoeberichts et al., 2007). Gibberellic acid is known to delay senescence in 
some cut carnation flowers by acting as an antagonist to ethylene (Saks et al., 
1992). In Grevillea, higher levels of gibberellic acid was found to enhance 
flower abscission rather than senescence (Setyadjit et al., 2006), but the 
treatment did not enhance the longevity of inflorescences as also the ACC 
level. 
Polyamines (PA) which are ubiquitous in living organisms have been 
implicated in a wide range of biological processes, including plant growth, 
development and response to stress (Smith et al., 1992). The major polyamines 
comprise putrescine, spermidine and spermine, which either occurs naturally or 
as free bases or bound to phenolics or other low molecular weight compounds 
or macromolecules (Galston and Kaur-sawhney, 1990). Polyamines and 
ethylene use a common precursor SAM for their biosynthesis, but show 
opposite effects in relation to senescence. Polyamines have been reported as an 
effective anti-senescence agents and have been found to retard chlorophyll loss, 
membrane deterioration and increase in RNase as also protease activities, all of 
which help to slow the senescence process (Evans and Malmberg, 1989). 
Pérez-Amador et al. (1996) reported the accumulation of N
4
-Hexanoyl 
spermidine, a polyamine-related compound during the ovary and petal 
senescence in pea. Exogenous spermidine has been found to transiently delay 
senescence of Dianthus caryophyllus and Petunia hybrida flowers which has 
been implicated to be due to the ability of free spermidine to bind to the main 
intracellular constitutive molecules such as DNA and stabilizing their 
structures (Lee et al., 1997; Gul et al., 2005; Tassoni et al., 2006). 
Role of Jasmonates in regulation of senescence is yet to be elucidated in detail. 
Methyl-jasmonates have been found to accelerate senescence in Petunia 
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hybrida, Dendrobium and Phalaenopsis (Porat et al., 1993; 1995) but in 
Petunia inflata, only an earlier colour change has been reported without any 
promotion of petal wilting after treatment with methyl-jasmonate (Xu et al., 
2006). Crosses between cpr5, old1 mutant of Arabidopsis, which displays 
earlier onset leaf senescence that can be further exacerbated by ethylene 
treatment and JA- or SA-deficient mutants have revealed that Jasmonic acid 
(JA) but not Salicylic acid (SA) is required for lesion formation (Jing et al., 
2003). It can be argued that JA and ethylene might act synergistically to induce 
senescence. Exogenous application of JA has been observed to initiate 
senescence in Avena sativa leaves and to induce senescence-associated changes 
of gene expression in detached Arabidopsis leaves (Chang et al., 1997). 
Abiotic stresses also have a bearing on the regulation of senescence. Petal 
senescence is hastened by wounding of the flower parts. This damage results in 
the evolution of ethylene which may then induce degradative events. The 
wounding effect is mimicked by ethylene application to unwounded flowers 
and is eliminated by adding Norbornadiene (NBD), the inhibitor of ethylene 
action to wounded flowers (Ichimura and Suto, 1998). Drought stress has been 
shown to shorten the life of many flowers such as carnation by increasing the 
ABA level (Rubinstein, 2000). Heat shock turns off the synthesis of many 
proteins and upregulate the production of heat shock proteins (Vierling, 1991). 
A 24h heat shock given to carnation slows senescence and delays ethylene 
evolution  and elevation of steady state message of both ACC synthase and 
ACC oxidase (Verlinden and Woodson, 1998). These effects of heat shock may 
be related to the prevention of suicide gene expression and/or to the protective 
effects of heat shock proteins. 
Ethylene independent flower senescence 
Remarkably little is known about the early regulation of ethylene-insensitive 
petal senescence (van Doorn and Woltering, 2008). In a number of flowers 
senescence is neither associated with nor stimulated by ethylene (Woltering & 
van Doorn 1988). This group of ethylene-insensitive flowers includes the 
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commercially important flowers from plants such as Gladiolus, Iris, 
Hemerocallis, Narcissus, and Tulipa, whose initial symptom of senescence is 
wilting (Jones et al. 1994). In these flower systems, ABA has been envisaged 
as being the key factor regulating flower senescence through an early and 
continuous accumulation in various flower tissues. Exogenous ABA in daylily 
accelerated senescence-associated events such as a loss of membrane 
permeability and lipid peroxidation (Panavas et al., 1998). In Narcissus, 
exogenous ABA has been shown to lead to a premature accumulation of 
senescence-associated transcripts in the tepals (Hunter et al., 2004). ABA is 
thus thought to be the primary hormonal regulator of flower senescence and 
many of the senescence related changes are brought about by it. These include 
ion leakage, changes in lipid peroxidation, protease activity and expression of 
novel DNases and RNases (Panavas and Rubinstein, 1998). In ethylene-
insensitive flowers ABA has been shown to play a regulatory role but the 
precise mechanism has not been elucidated clearly as yet. Stress induced 
senescence process is mediated by the evolution of ethylene in ethylene-
sensitive flowers, while in ethylene-insensitive flowers elevated level of ABA 
might be an important hormonal intermediate signal for senescence (Tripathi 
and Tuteja, 2007). van Doorn and Woltering (2008) suggested that the signal 
for senescence is endogenous from the tepal cells themselves and may not 
require hormones as an intermediate signal. In Narcissus pseudonarcissus it 
has been shown that ABA content increased in tepals of senescent flowers 
which coincided with the appearance of visible signs of senescence and 
exogenous application of ABA has been found to enhance the premature 
accumulation of senescence associated transcripts in the tepals indicating that 
ABA induced the transcripts independent of ethylene (Hunter et al., 2004). It 
has been reported that PCD in very early stages of tulip petal senescence is 
triggered by signals other than ethylene, H2O2 or protease activity and that the 
intracellular energy depletion is a primary early signal for PCD in tulips (Azad 
et al., 2008). Using flow cytometry, it has been confirmed that nuclear 
fragmentation coincided with death in petals after full flower opening 
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(Hoeberichts et al., 2005). Recently PCR-based subtractive hybridization has 
been successfully used in daffodil and Iris (Hunter et al., 2002; van Doorn et 
al., 2003) to isolate large populations of genes associated with petal 
senescence. About 54 genes have been isolated from daffodil including genes 
encoding a few regulatory proteins and several cysteine and serine proteases 
(Hunter et al., 2002). van Doorn et al. (2003) have isolated about 51 sequences 
which include a number of genes with unknown function. The sequences 
encoding Grap2 and cyclin-D interacting proteins, a MADS-domain 
transcription factor, a casien kinase and a nucleotide gated ion-channel-
interacting protein might be important elements in the regulation of senescence. 
Iridaceae, one of the ethylene insensitive families is an important family of 
ornamental flowers. Adequate research attention has not been given on 
understanding the mechanism of flower senescence within this family. The 
following segment is aimed at bringing in front the mechanism of senescence 
within this family and will be helpful in developing procedures to improve the 
postharvest life in these beautiful flower systems. 
Senescence in Iridaceae- an appraisal 
Iridaceae includes commercially important cut flower species like Gladiolus, 
Freesia and Iris, but their short life comes in their way of marketability as they 
senesce rapidly just a few days after opening in an age-dependent manner 
without an environmental cue (Jerardo, 2007). Considerably a lot of work has 
been done on the flower senescence of Gladiolus and the senescence 
mechanisms operational in this genus have been studied much. In contrast 
Freesia and Iris have not received too much of attention and thus their exact 
mechanism in senescence is yet to be elucidated clearly. 
Unlike the group of ethylene-dependant flowers whose floral senescence is 
regulated at least in part by ethylene, Iridaceae belongs to another group whose 
flowers are insensitive to ethylene (Woltering and van Doorn, 1988; Reid, 
1989; Reid and Wu, 1992; van Doorn and Stead, 1994; Serek et al., 1994; 
Celikel and van Doorn, 1995; van Doorn and Woltering, 2008; Zhong and 
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Ciafre, 2011). The endogenous factors regulating the ethylene-independent 
flower senescence in Iridaceae are yet to be characterized. The floral death of 
this ethylene-independent group is possibly regulated by hormones like 
abscisic acid (ABA) (Pak and van Doorn, 2005) and cytokinins (Wang and 
Baker, 1979; van der Knop et al., 2003).  The data regarding the role of 
cytokinins in ethylene independent flower senescence is scanty and more 
elaborate work is required to understand its role. 
Gladioli are prized by florists for their showy flower spikes and by growers for 
their relative ease of production (Serek, et al., 1994; Ezhilmathi et al., 2007).  
Little is known about the sequence of events controlling petal senescence in 
ethylene-insensitive flowers, particularly the commercially important bulb 
flowers such as Tulipa, Iris, Gladiolus, and Narcissus (Jones et al., 1994). 
Studies on Iris and Gladiolus petal senescence indicated a gradual progression 
in senescence, without the accelerated wilting associated with climacteric 
ethylene production (Bravdo et al., 1974; Tirosh et al., 1983). Woltering and 
van Doorn (1988) reported that treatment with ethylene (3 ml/liter) for 24 h 
revealed little or no sensitivity as indicated by slight acceleration of petal 
wilting in only some cultivars. Pulse treatments with the silver thiosulfate 
anionic complex (STS) have likewise provided little or no benefit 
(Farhoomand, 1978; Mor et al., 1981). In contrast, Merodio and de la Plaza 
(1989) reported that ethylene removal during storage improved the subsequent 
vase life of „pink‟ and „white‟ Gladiolus cultivars. Ethylene removal also 
resulted in reduced water and color loss, and improved stem „rigidity‟. Murali 
and Reddy (1993) used a range of metal salts such as CoCl2 in combination 
with sucrose and found a positive correlation between the effects of their 
treatments on ethylene production and vase life of the flower spikes. Cobalt ion 
being an effective inhibitor of ethylene biosynthesis, it was concluded that the 
increased spike life was the result of reduced ethylene biosynthesis (Yeong-
Biau and Yang, 1979). Serek et al. (1994) examined the role of ethylene in 
floret senescence of Gladiolus flowers by determining ethylene production and 
respiration of individual florets during development and senescence and by 
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exploring the effects of exogenous ethylene, STS and sucrose treatments on 
opening and senescence of florets in a range of commercial cultivars. They 
suggest that Gladiolus, like many other geophytes is an ethylene-insensitive 
flower (Reid and Wu, 1991). Despite the modest climacteric peak in ethylene 
production in some cultivars and the broad peak of respiration that 
accompanies spike opening and senescence, the florets of Gladiolus are 
insensitive to exogenous ethylene. Pulsing or continuously applying sucrose 
has been shown to enhance longevity in Gladiolus flowers and had a slightly 
beneficial effect on Iris (Bravdo et al., 1974; Tirosh et al., 1983). Other than 
studies on daylily (Lay-Yee et al., 1992; Lukaszewski and Reid, 1989), there 
are few known studies investigating the physiological or genetic mechanisms 
involved in petal wilting and senescence of ethylene-insensitive flowers. Petal 
wilting and senescence in certain flowers from some bulbous plants such as 
Gladiolus, Iris and Narcissus relies on de novo protein regulation (Ezhilmathi, 
et al, 2007). 
The lipid peroxidation has been shown to get increased sharply from the fully 
opened flower stage to senescence stage in Gladiolus (Sairam et al., 2011). 
Treatment with calcium reduced the lipid peroxidation mediated by ROS 
therefore, Ca might act by reducing the levels of ROS by inducing the activity 
of antioxidant enzymes (Kellogg, 1975). The initiation of senescence is 
associated with the formation of ROS in excess of cell‟s scavenging capacity 
(Prochazkova et al., 2001). In addition down-regulation of Ascorbate 
peroxidase (APX) activity seems to be the prerequisite factor for inducing 
senescence in Gladiolus petals (Yamane et al., 1999; Hossain et al. 2006; 
Sairam et al., 2011). Loss of APX activity results in high levels of endogenous 
H2O2 accumulation that in turn upregulates superoxide dismutase (SOD) gene 
action. It has been elucidated that calcium may act in two ways to delay the 
senescence in Gladiolus, one by acting as a second messenger in the signaling 
pathway leading to the induction of superoxide dismutase (SOD), catalase 
(CAT) and ascorbate peroxidase (APX), thereby increasing the capacity of 
these antioxidant enzymes to scavenge more free radicals produced in the 
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course of senescence leading to decrease in lipid peroxidation and increasing 
membrane stability and second by being a component of cell membranes and 
wall. It may also delay membrane deterioration and senescence (Yamane et al., 
1999; Sairam et al., 2011) 
An isolated cDNA designated as GlDAD1 (DDBJ/ EMBL/GenBank accession 
number, AB162224) is said to play an important role in petal senescence in 
Gladiolus (Yamada et al., 2004). The rate of GlDAD1 (homologous to 
defender against apoptotic death gene (DAD1) expression remained similar 
until petal wilting and then became non-detectable in fully wilted petals 
(Tanaka et al., 1997; Yamada et al., 2004). These results indicate that the 
GlDAD1 expression is down-regulated in the petals before the onset of wilting, 
the first visible senescence symptom. DNA fragmentation as a distinct 
molecular process associated with PCD was detected using agarose gel analysis 
(Yamada et al., 2004). A ladder-like DNA banding pattern developed after 
flower opening which clearly shows that DNA gets fragmented into multimers 
of nucleosomal basepair size at a time when GlDAD1 expression had 
decreased. Execution processes of PCD occurs in Gladiolus tepals by the time 
of the first visible senescence symptoms and these execution processes occur 
after the down-regulation of the GlDAD1 expression (Yamada, et al., 2004). 
Freesia is another most commonly produced cut flower species among bulbous 
tuberous and rhizomous ornamental plants (Zencirkiran, 2002). It has a short 
vase life that is thought to be caused by various factors, such as infection by 
bacteria, respiration and ethylene production (Eason et al., 1997; Ichimura et 
al., 1999; Zencirkiran, 2002). Freesia flower senescence is ethylene insensitive 
and thus ethylene has either no or very little role in senescence (Reid and Wu, 
1992; Yamane et al., 1999). The role of various plant growth regulators in 
addition to ethylene has not been studied in detail. ABA is said to play an 
important role in the flower senescence in Freesia (Woltering and van Doorn, 
1988; Serek, et al., 1994). Molecular studies have shown that DNA degradation 
plays an important role in senescence of Freesia. Apoptotic changes of nuclei 
were detected in petals of Freesia undergoing senescence. These changes are 
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progressive in nature and increase with the progression in senescence (Yamada, 
et al., 2001). Chromatin condensation, nuclear and DNA fragmentation were 
considered as typical phenomenon of apoptosis (Kerr et al., 1974; Wyllie et al., 
1984; Yamada et al., 2001). These results suggest that the process of cell death 
inducing senescence in petals of Freesia was indeeed apoptosis. DNA 
laddering is a typical characteristic feature of senescence in Freesia (Yamada, 
et al., 2001). 
Flower senescence in Iris is first visualized as discoloration, wilting and inward 
rolling of the distal edges of tepals (van Doorn et al., 1995). These visible signs 
are preceded by protein degradation and death of mesophyll cells in tepal 
margins (Celikel and van Doorn, 1995; van der Knop et al., 2003; Pak and van 
Doorn, 2005). The senescence of Iris flowers is genetically programmed and 
controlled by endogenous factors that are propagated in cell populations 
(Zhong and Ciafre, 2011). 
Cytokinins are important plant hormones that promote cell division and 
differentiation. The addition of cytokinin can stop senescence of detached 
organs (Eason, 2006). Cytokinins delay petal senescence in Iris flowers (Wang 
and Baker, 1979; van der Kop et al., 2003). Thidiazuron, a non-metabolized 
phenyl urea compound with cytokinin like activity has been shown to be a 
potent inhibitor of senescence in Iris flowers (Macnish et al., 2010). 
Studies on ABA suggest that it plays an important role in the regulation of 
flower senescence in various plants such as Iris (van Doorn and Woltering, 
2008).  In ethylene-dependant flowers like carnation, exogenous ABA 
triggered endogenous ABA production and flower senescence. ABA is 
suspected to play a secondary role in ethylene dependent flower senescence but 
it might have a direct effect on the senescence of ethylene-independent flowers. 
In Iris, cocoa and Hemerocallis, exogenous ABA, not ethylene has been shown 
to accelerate flower senescence (Panavas et al., 1998; Aneja and Gianfagna, 
1999; Pak and van Doorn, 2005). Endogenous ABA increased dramatically 
before any visible signs of senescence and continued to increase during petal 
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senescence. So far there has been no conclusive report about the direct role of 
ABA in the regulation of ethylene-independent flower senescence and the 
elements of the ABA early signal transduction pathway are yet unknown 
(Zhong and Ciafre, 2011). 
Natural PCD pathway and senescence in Iris petals has been shown to be 
blocked by various chemicals variously protein synthesis inhibitors, suggesting 
that wilting in this species is induced by one or more proteins that are 
synthesized de novo (Celikel and van Doorn, 1995; Sultan and Farooq, 1997; 
Lukaszewski and Reid, 1989; van Doorn et al., 2004; Zhong and Ciafre, 2011).  
These proteins have been designated as death proteins (van Doorn and 
Woltering, 2008; Zhong and Ciafre, 2011). The “death protein(s)” is/are 
probably synthesized when the flower is in bloom as the protein synthesis 
inhibitors were effective in preventing Iris petal inrolling and discoloration 
only when their continuous application was given while the flowers were fully 
open (Zhong and Ciafre, 2011). If applied after the appearance of senescence 
symptoms these chemicals slightly delay natural senescence in a way similar to 
ZnCl2 (Zhong and Ciafre, 2011). Cycloheximide (a potent protein synthesis 
inhibitor) treatment becomes less effective in delaying senescence of Iris 
germanica flowers when given at progressive internals suggesting that once 
translation of mRNAs had taken place it becomes ineffective in delaying 
senescence (Zhong and Ciafre, 2011). It appears that PCD in Iris as in 
apoptotic cells has two phases. The “condemned phase”, which can be stopped 
by biochemical means when protein synthesis inhibitors are applied before the 
synthesis of “death protein(s)”. The subsequent “execution phase” commences 
after the “death protein” is synthesized and virtually can no longer be blocked 
(Zhong and Ciafre, 2011). Several ABA-induced genes have been detected 
during Iris petal senescence. These genes include is Protein phosphatase 2C 
(PP2C), a component of ABA signal transduction pathway. The presence of 
PP2C and the increase in its mRNA levels before the execution phase during 
normal and ABA-induced senescence provides further support for a regulatory 
role of ABA in senescence of Iris petals (Zhong and Ciafre, 2011). Unlike 
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apoptosis in animal cells, PCD in Iris is probably non-apoptotic since no DNA 
laddering, cell shrinkage and cell fragmentation has been observed (Zhong and 
Ciafre, 2011). Iris PCD seems to have a very different pathway from apoptosis, 
as it is not affected by the apoptosis suppressors including inhibitors of 
caspases. Accompanying the morphological changes, a series of physiological 
and biochemical processes were also occurring prior to and during Iris tepal 
senescence. Prior to visible senescence, autophaging has been observed in 
many cells and in vivo phospholipase D activity is stimulated while 
phospholipid hydrolysis and membrane disassembly has been shown to 
increase (Zhong and Ciafre, 2011). Total protease activity has been shown to 
increase slightly during flower full bloom stage and then significantly as the 
senescence progresses (Zhong and Ciafre, 2011). Exogenous ABA accelerated 
morphological, biochemical and molecular changes that occurred during 
natural senescence of Iris petals and such changes included upregulation of 
hydrolytic enzyme activities and expression of ABA- induced changes. These 
changes take place independent of ethylene pathway since the rate of ethylene 
production was shown to decrease during petal senescence (Celikel and van 
Doorn, 1995; Zhong and Ciafre, 2011). The responses have been shown to be 
unlikely due to stress as the senescence symptoms of the detached petals 
occurred in the same manner as the petals left on intact flowers (Celikel and 
van Doorn, 1995; Zhong and Ciafre, 2011). ABA antigonizer, benzyladenine 
(BA) has been shown to delay visible senescence and inhibit protease activity. 
However, ABA biosynthesis inhibitor norflurazon which blocks synthesis of 
ABA precursor carotenoids was not shown to inhibit the senescence of Iris 
tepals (Zeevart and Creelman, 1988). It is probably because at the time of 
norflurazon treatment high amount of carotenoids might be already present 
which provide ample substrate for ABA synthesis or ample ABA might have 
already been synthesized during bud development. ABA thus plays an 
important direct role in up-regulating ethylene independent flower senescence 
in ethylene insensitive flowers and that PP2C is likely an upregulator of the 
ABA signalling. 
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Exogenous sugars have been shown to delay visible senescence in ethylene 
sensitive flowers, but they have a little role in ethylene insensitive petal 
senescence. However, petals of many species have been shown to contain 
considerably less endogenous carbohydrate levels when senescence symptoms 
are already visible, making it difficult to decide whether sugar starvation is a 
cause of cell death or not (Eason et al., 1997; Meulen-Muisers et al., 2001; van 
Doorn and Woltering, 2008). An explanation to this paradox can be that the 
onset of senescence may relate to decreased levels of carbohydrates in one 
compartment such as cytosol and comparatively higher carbohydrate levels in 
another compartment such as vacuole (van Doorn, 2005). Besides this, sugars 
have been found to delay senescence in some ethylene insensitive petals (van 
Doorn and Stead, 1994; van Doorn, 2004). In Sandersonia, the effect of 
exogenous sugars on senescence was accompanied by a delay in the expression 
of genes involved in fatty acid and protein remobilization and thus a delay in 
senescence (Eason et al., 2002). During Iris tepal senescence, the transcript 
abundance of a gene encoding triose phosphate isomerase and that of genes 
encoding sucrose synthase increased, but some sucrose synthase genes become 
downregulated that indicate a shift of sucrose synthesis to other parts of the 
cells or tissues (van Doorn et al., 2003). 
Molecular studies on senescence have been extensively carried in order to gain 
in insight into the molecular basis of senescence. Differential screening and 
microarray analysis have identified up or down regulation of numerous genes 
in several plant species including Iris (Valpuesta, et al., 1995; Panavas, et al., 
1999; Rubinstein, 2000; Hunter et al., 2002; van Doorn et al., 2003; Breeze et 
al., 2004; Hoeberichts, et al., 2007; Xu et al., 2007a; Yamada et al., 2007; 
Shibuya et al., 2009). A considerable number of genes are involved in defence 
against senescence have been shown to be expressed in Iris. Ribosome 
inactivating proteins (RIPs), thionins, tropinone reductases and sesquiterpene 
synthases  play an important role in delaying senescence in Iris tepals and thus 
act as defence genes (Punja, 2001; van Doorn et al., 2003). van Doorn et al. 
(2003) identified a cluster of genes that were highly expressed during 
M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 49 
 
senescence in Iris. They suggested that sequence encoding a Grap2 and cyclin-
D interacting protein (GCIP), a MADS-domain transcription factor, a casein 
kinase, and a nuclectide gated ion channel-interacting protein might be 
important elements in the regulation of senescence in Iris. GCIP is a helix-
loop-helix leucine zipper family transcription factor that inhibits E2F1-
mediated transcriptional activity. The transcriptional factor E2F1 is a member 
of a family involved in cell cycle progression, differentiation and cell death 
(Chang et al., 2000; Ma et al., 2007). Regulating the expression of this gene 
family, senescence within the Iris genus can be regulated (van Doorn et al., 
2003). Besides differentially expressed transcriptional regulators, gene 
silencing and overexpression of genes occur during tepal senescence (van 
Doorn and Woltering, 2008). 
Oxidative stress arises from an imbalance in generation and metabolism of 
reactive oxygen species (ROS) i.e. more ROS being produced than metabolised 
(Neill et al., 2002). ROS react with various cellular targets resulting in lipid 
peroxidation, DNA and protein damage (Halliwell and Gutteridge, 1999). 
Plants posses a well defined enzymatic antioxidant defence system (superoxide 
dismutase, SOD; ascorbate peroxidase, APX; glutathione reductase, GR) to 
protect themselves from the deleterious effects of ROS. Down regulation of 
APX activity has been shown as the prerequisite factor for inducing senescence 
in Gladiolus tepals (Hossain et al., 2006). Loss of APX activity results in a 
high level of endogenous H2O2 accumulation that turns up the SOD genes 
action and therby triggers PCD (Hossain et al., 2006). 
One of the earliest changes in cell ultrastructure at least during senescence of 
Iris tepals is the closure of the plasmodesmata. Plasmodesmata if open, allow 
transfer of relatively small molecules such as sugars, hormones, and RNA 
molecules, between neighbouring cells. If the plasmodesmata are closed, this 
transport is halted which prevents cell-cell signalling and blocks the flow of 
several compounds including carbohydrates (van Doorn et al., 2003; van Doorn  
and Woltering, 2008). In the outer tepals of Iris the plasmodesmata of 
mesophyll cells close well before those of the epidermis cells. The mesophyll 
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cells also die earlier than the epidermal cells. Compared with epidermis cells, 
the mesophyll cells also exhibit all other ultrastructural changes, indicative of 
processes leading to cell death before those of epidermal cells (Bancher, 1941; 
van Doorn et al., 2003).These data are suggestive of a role for plasmodesmata 
in the early regulation of senescence in Iris. 
Tepal cells in Iris has been shown to exhibit a decrease in the number of small 
vacuoles, and an increase in vacuolar size (van Doorn et al., 2003). The 
ongoing increase in vacuole volume in Iris was accompanied by the loss of a 
considerable part of the cytoplasm and with the disappearance of most 
organelles. In Iris, one of the earliest ultrastructural senescence symptoms 
(after closure of the plasmodesmata) has been shown to be the loss of most of 
the endoplasmic reticulum (ER) and attached ribosomes (van Doorn et al., 
2003). Several other organelles, such as Golgi bodies also become less 
frequent. Many mitochondria became degraded, but some remain until vacuolar 
collapse. Cell death starts at the apical part and gradually moves towards the 
petal base and petal wilting was shown to coincide with collapse of the 
epidermis cells (van Doorn et al., 2003). 
Great strides have been made in understanding the signal transduction 
components involved in developmental events, but the intermediate steps 
between the signals that initiate petal senescence and the events most closely 
related to PCD are not clear as yet (Rubinstein, 2000). In Iris tepals, the 
transcript abundance of a gene encoding a cyclic nucleotide-gated ion channel 
(CNGC) increased (van Doorn et al., 2003). Some CNGCs are involved in 
calcium signal transduction and in increasing the internal calcium ion 
concentration (Arazi et al., 2000; Köhler et al., 2001). The Iris gene transcript 
shows very high homology with an Arabidopsis gene GNGC which is 
responsible for developmental cell death (Köhler et al., 2001; Overmyer et al., 
2005). During Iris petal senescence an increase was recorded in the transcript 
abundance of a gene encoding a casein kinase (i.e. CK-type protein kinase), 
most of which are apparently signal transduction factors (van Doorn et al., 
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2003). Some Casein kinase (CK) proteins have been suggested to be regulators 
of the cell survival pathway (Ahmed et al., 2002). 
Proteases has been shown to be involved in degradation of specific proteins. 
They degrade misfolded proteins and can determine the level of normally 
folded proteins. In some species (Ipomoea), no upsurge of in vitro protease 
activity was detected during petal senescence, but in other species 
(Hemerocallis, Iris, Petunia), a massive increase in protease activity was found 
(Winkenbach, 1970a, b; Stephenson and Rubinstein, 1998; Pak and van Doorn, 
2005; Jones et al., 2005). Feeding isolated Iris petals with Z-Leu-Leu- Nva-H, 
an inhibitor of protease activity produced a small but significant delay in the 
time to visible senescence indicating that proteasome action limits senescence 
(Pak and van Doorn, 2005). These results strongly indicate that petal 
senescence is associated with enhanced activity of the ubiquitin– proteasome 
route of protein degradation. The delay of visible senescence symptoms after 
chemical inhibition of proteases in Iris and after silencing a RING domain E3 
protein (Xu et al., 2008) even indicate that protease action is required for 
senescence. However, most protease inhibitors are not specific. Only E-64 and 
probably antipain are specific inhibitors have been shown to affect cysteine 
proteases. Using E-64 in vitro, total protease activity was reduced by about half 
in Iris petals (Pak and van Doorn, 2003). Feeding Iris petals with a membrane 
permeable form of E-64 also indicated that about half of the peak protease 
activity was due to cysteine proteases (Pak and van Doorn, 2003). The results 
of the other (non-specific) inhibitors might suggest a small amount of 
metalloprotease activity at the peak of protease activity in Hemerocallis and 
Iris. Treatment of Iris flowers at the onset of flower life with AEBSF and DFP 
prevented the normal visible senescence symptoms. These compounds are 
general serine protease inhibitors, but AEBSF is also a general NADPH-
oxidase inhibitor. Other effects of both compounds cannot be excluded. 
AEBSF and DFP delayed the onset of bulk protease activity during senescence, 
thus preventeing both cysteine and non-cysteine protease activity (Pak and van 
Doorn, 2005). Interestingly, AEBSF has also been reported to inhibit apoptotic 
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PCD in animals (Solovyan and Keski-Oja, 2006). AEBSF completely 
suppressed cysteine protease activity in Iris and delayed senescence, but 
feeding Iris petals with the membrane-permeable form of E-64, which reduced 
peak protease activity to about half had no effect on senescence (Pak and van 
Doorn, 2003). 
Protease inhibitor like zinc chloride, aprotinin, AEBSF and DFP delayed 
visible senescence in Iris (Pak and van Doorn, 2004). Zinc inhibits cysteine 
proteases, metalloproteases and a number of other enzymes such as nucleases 
in Iris (Gerhold et al., 1993; Weis et al., 1995; Zuo and Woo, 1998). Aprotinin 
slightly delayed senescence in Iris and is known to inhibit serine proteases 
(Uchikoba et al. 1995). DFP has been shown to lipid metabolism and is also an 
inhibitor of serine protease (Goyal et al., 1997). AEBSF acts as a serine and 
cysteine protease inhibitor in Iris. It is also a potent inhibitor of phospholipase-
D in Iris flowers justifying its effect on time of visible senescence and on 
protease activity may therefore be due to inhibition of lipid degradation 
(Andrews et al., 2000). In this context, it seems that in Iris tepals large scale 
degradation precedes large scale protein degradation (van Doorn et al., 2003). 
It is thus concluded that visible senescence of Iris tepals is preceded by a sharp 
increase in endoprotease activity and it is correlated with the timing of the 
visible senescence symptoms (van Doorn et al., 2003). 
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Chapter 4: Materials and methods 
Plant material 
The plants used in the present study belong to the family Iridaceae. Various 
physiological studies on changes related to flower development and senescence 
were conducted on Iris germanica L., Iris kashmiriana Baker, Iris reticulata 
L., Iris ensata Thunb. and Ixia sp. Besides the experiments on postharvest 
storage were conducted on Iris germanica L, I. kashmiriana Baker, I. 
versicolor L and I. ensata Thunb. These studies could not be pursued on Ixia 
due to paucity of the material. 
1. Iris germanica L. 
2. Iris kashmiriana Baker 
3. Iris versicolor L. 
4. Iris ensata Thunb. 
5. Ixia sp. L. 
Collection of plant material 
The scapes were obtained from the plants grown in the Kashmir University 
Botanic Garden (KUBG). The material was harvested at 1200 h using a sharp 
scalpel and immediately brought to the laboratory in a bucket with the cut ends 
immersed in distilled water. Flowers of all the five species were also harvested 
at different developmental stages to study various physiological changes 
associated with flower development and senescence. The flower development 
and senescence was divided into six stages (stage I to stage VI) in case of Iris 
germanica, Iris kashmiriana, Iris reticulata and Ixia sp. Whereas, in case of 
Iris ensata only five stages (stage I to stage V) were deciphered to study these 
changes. The flowers were harvested at various stages of development to study 
the changes in various morphological, physiological and biochemical 
parameters during development and senescence. Besides this, the scapes were 
harvested with their oldest bud at one day before anthesis (pencil stage), for 
various temperature treatments. The scapes were recut under water to get a 
uniform length of 40 cm in Iris germanica, 20 cm in I. ensata, 35 cm in I. 
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kashmiriana and 45 cm in I. versicolor. The material was transferred to test 
solutions in the laboratory. Only the healthy plant material was selected for the 
experiments. 
Storage treatments 
Various temperature regimes were tested for studying the optimal temperature 
required for transportation and increasing the vase life in scapes of all the four 
species of Iris under study. Two different storage treatments were practiced 
(dry and wet storage) at three different temperatures {5˚C, 10˚C and RT 
(20±2˚C)}. In postharvest dry storage (PHDS), the scapes were wrapped in 
moistened filter papers and kept at different temperatures for 72 h. In 
postharvest wet storage (PHWS), the samples were kept in 1000 ml borosilicate 
glass beakers containing distilled water and kept at various temperatures for 72 
h. After 72 h the scapes were transferred to the holding solutions for assessing 
their postharvest performance. 
Sucrose and distilled water were used as vase solutions. Sucrose solution was 
always freshly prepared at the start of the experiment. 
The test solutions were kept in 250 ml Ehrlenmeyer borosilicate flasks 
containing 200 ml of vase solution in Iris germanica, I. kashmiriana and I. 
reticulata but 100 ml flasks containing 80 ml of vase solution in Iris ensata. 
The flasks were thoroughly washed with detergent and rinsed with distilled 
water. The glassware was oven dried before experimentation. Each treatment 
was represented by 5 replicates (flasks) with each replicate containing 2 scapes. 
The day of transfer of samples to vase solutions after 72 h storage was 
designated as day zero (D0). A separate set of 5 flasks without scapes 
containing blank test solutions were kept along with each set of flasks with 
samples to monitor the volume of the vase solution evaporated on a particular 
day. 
Visible effects 
Visual changes occurring during the course of flower development and 
senescence were monitored regularly. Besides, the apparent changes that 
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occurred in flowers and scapes during the course of experiments were recorded 
at regular intervals. These included the time and pattern of flower opening, 
color change and pattern of senescence. 
Vase life 
Vase life of scapes and flowers was measured in days. Vase life of scapes was 
measured as the number of days required by the last open flower on scape to 
senesce. Vase life was counted from the day zero (D0) i.e., the day of transfer 
of scapes to vase solutions. Vase life of isolated flowers was measured as the 
time taken by an open flower to get senesced. Vase life in isolated flowers was 
regarded as terminated when the visible signs of senescence like water soaking 
of tepal margins, drooping of falls and inrolling of standards became apparent. 
Number of blooms 
Number of blooms was recorded regularly by counting the number of buds 
bloomed on each scape on each day and averaged by dividing the total number 
of buds bloomed on all the scapes in a particular treatment on a day by number 
of scapes receiving the particular treatment. The number of buds that failed to 
open and aborted was also recorded.  Total number of buds on each scape was 
counted to express the data on percentage basis.  
Solution uptake 
The volume of holding solution absorbed by the scapes was recorded at regular 
intervals and was averaged for every one, four, six, seven, eight and eleven 
days for different plants. The volume of holding solution absorbed was 
calculated by measuring the volume of solution on particular day and 
subtracting it from the initial quantity of the vase solution kept in the flasks, 
taking into account the volume of solution evaporated by using blank flasks 
(containing particular vase solution without scapes) alongside the flasks with 
scapes. 
Fresh and dry mass 
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Fresh mass of five to ten flowers from each treatment was recorded at regular 
intervals in each experiment. The flowers were then kept in paper bags and 
oven dried at 70
o
C for 48h. The material was put in a dessicator for 24h before 
recording the dry mass. 
Moisture content 
Moisture content was computed as the difference between fresh and dry mass 
of flowers. Percent moisture content of the fresh tissue was also calculated. 
Flower diameter  
Flower diameter was measured as the mean of two perpendicular 
measurements across a flower. 
Membrane permeability 
Changes in membrane permeability were estimated by measuring ion leakage 
from the tepal discs (5mm in diameter) incubated in the dark in 15ml of glass 
distilled water for 15h at 20
o
C. The discs were floated on distilled water with 
their abaxial surface downwards and were removed with a brush after 15h of 
incubation. Conductivity of leachates was measured by using CM- 180 ELICO 
Conductivity meter and was expressed in µS. 
Fixation of plant material 
1g of chopped tepal tissue was fixed in hot 80% ethanol. The material was then 
macerated in a glass pestle and mortar and centrifuged at 3000xg for 20 
minutes. The supernatants were pooled and made to a uniform final volume. A 
suitable aliquot from the supernatant was used for the determination of tissue 
constituents (sugars, α- amino acids and phenols). For the determination of 
soluble proteins and protease activity, fresh material was directly used. Each 
treatment was represented by three replicates. 
Determination of soluble protein content 
Proteins were extracted from 1g tepal tissue, homogenized in 5ml of 5% 
sodium sulphite (w/v) and 0.1g of polyvinyl pyrrolidone (PVP) and centrifuged 
at 4000xg for 20 minutes in a refrigerated centrifuge. Proteins were precipitated 
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from a suitable volume of supernatant with equal volume of 20% trichloro 
acetic acid (TCA), centrifuged at 2000xg for 15 minutes. The pellet was 
redissolved in 4ml of 0.1N NaOH and proteins were estimated from a suitable 
aliquot by the method of Lowry et al. (1951). The volume of the aliquot was 
made to 1ml with distilled water, to which 2ml of mixed alkaline copper 
reagent (copper sulphate solution: alkaline tartarate in the ratio of 1:100; 
GENEI protein estimation kit) was added. After 10 minutes 0.2ml of solution 
III (Folin- Ciocalteau reagent) was added and optical density was measured 
after 20 minutes at 700 nm in a Photochem-8 absorptiometer. A standard 
calibration curve was prepared using bovine serum albumin (BSA) as the 
standard. 
Determination of Protease activity 
1g of pre-chilled tepal tissue was homogenized in 15ml chilled 0.1M phosphate 
buffer (pH= 6.5) in a pre-cooled glass pestle and mortar. The contents were 
squeezed through pre-cooled four-fold muslin cloth and centrifuged for 15 
minutes at 5000xg in a (Remi K- 24) refrigerated centrifuge at -5
o
C. The 
supernatant was used for the assay of protease activity by a modified method of 
Tayyab and Qamar (1992). 1ml of enzyme extract was mixed with 1ml of 
reaction mixture (0.1% BSA dissolved in 0.1 M phosphate buffer, pH= 6.5). 
The reaction was started by incubating the mixture at 37
o
C for 2h and then 
stopped by adding 2 ml of 20% cold TCA. Blanks in which TCA was added 
prior to the addition of the enzyme extract were run along with each sample. 
The contents were centrifuged and supernatants collected. Free amino acids 
were estimated (as tyrosine equivalents) in a suitable aliquot of the supernatant 
by the method of Lowry et al. (1951) using tyrosine as the standard. The 
enzyme activity has been expressed as µg tyrosine equivalents liberated per mg 
protein. 
Reducing sugars 
Reducing sugars were estimated by method of Nelson (1944) using D-Glucose 
as the standard. A suitable aliquot from the supernatant (obtained after fixation) 
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was made to 5ml with distilled water followed by the addition of 1ml of copper 
reagent, prepared by mixing copper reagent A and B in the ratio of 50:1. The 
mixture was heated at 100
o
C for 20 minutes over a water bath. After cooling 
1ml of arsenomolybdate reagent was added and the mixture was shaken gently. 
The final volume of the mixture was made to 25ml with distilled water. 
Absorbance was measured at 520 nm in a Photochem-8 absorptiometer.  
Total sugars 
Total sugars were estimated after the enzymatic conversion of non reducing 
sugars into reducing sugars by invertase. The volume of a suitable aliquot from 
the alcohol soluble fraction of fixed material was made to 4ml with distilled 
water, followed by the addition of 1ml of 0.2% invertase. A drop of toluene 
was layered on the top and the solution was incubated overnight at 25
o
C. Total 
sugars were then estimated by the method of Nelson (1944). D-Glucose was 
used as the standard for the preparation of calibration curve. 
Non-reducing sugars 
Non-reducing sugars were calculated as the difference between total sugars and 
reducing sugars. 
Determination of α-amino acid content: 
α-amino acids were estimated by the method of Rosen (1957). Calibration 
curve was prepared by using glycine as the standard. A suitable aliquot from 
the alcohol soluble fraction of tissue extract was made to 1ml with distilled 
water and 0.5ml of cyanide acetate buffer (pH=5.4) was added followed by 
0.5ml of 3% ninhydrin (freshly prepared in ethylene glycol monomethyl ether; 
methyl cellusolve). The contents were then heated at 100
o
C for 15 minutes, 
over a boiling water bath. After removing the tubes from the water bath 5ml of 
diluent (isopropyl alcohol: water; 1:1v/v) was immediately added and the 
contents were shaken vigorously. The tubes were allowed to cool at room 
temperature. Absorbance was measured at 570nm in a Photochem-8 
absorptiometer.  
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Determination of total phenolic content 
Total phenols were estimated by the method of Swain and Hillis (1959). A 
suitable aliquot from alcohol soluble fraction of tissue extract was diluted to 
7ml with distilled water followed by the addition of 0.5ml of Folin- Dennis 
reagent. After 3 minutes 1ml of saturated solution of sodium carbonate was 
added and the total volume was made to 10ml with distilled water. Absorbance 
was measured after 30 minutes at 725nm in a Photochem-8 absorptiometer. 
Gallic acid was used as the standard for the preparation of calibration curve. 
Procedure for SDS-PAGE 
1g of tepal tissue was homogenized in 1ml of 0.1M phosphate buffer (pH= 7.2- 
7.4), adding 0.1g of PVP. The mixture was centrifuged at 5000xg at 5
o
C in a 
refrigerated centrifuge (Remi K-24) for 15 minutes. The supernatant was 
collected in eppendorf tubes and used for SDS-PAGE. The extracted protein 
mixture was denatured by mixing equal volumes of protein mixture and 2X 
sample loading buffer (0.5 M Tris pH 6.8, 10% SDS, 10% glycerol, 5% β- 
mercaptoethanol, 0.1% bromophenol blue). The mixture was incubated in 
boiling water for 5- 7 minutes. The concentration of the proteins was 
determined in both the original extracts and the TCA precipitated samples by 
the method of Lowry et al (1951) using BSA as the standard. 
One dimensional vertical gel electrophoresis was carried out according to the 
method as described by Ausubel et al (1989). Slab gels 0.7mm thick contained 
12% resolving gel {(Acrylamide + bisacrylamide), (1.5M Tris pH 8.8), 10% 
SDS, TEMED and 10% Ammonium persulphate (APX)} and 3% stacking gel 
{(Acrylamide + bisacrylamide), (0.5M Tris pH 6.8), 10% SDS, TEMED and 
10% APX}. 80µl of the SDS- denatured protein extract was loaded into each 
lane. Electrophoresis was carried out at room temperature with a constant 
voltage of 50V during stacking and 150V during running. GENEI molecular 
weight standards were used for determining approximate molecular weights 
{Myosin, Rabbit muscle 205,000; phosphorylase b 97,400; Bovine serum 
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albumin 66,000; Ovalbumin 43,000; Carbonic anhydrase 29,000; Aprotinin 
6,500; Insulin (α and β chains) 3,000}. Following electrophoresis the gels were 
stained overnight in 0.25% coomassie brilliant blue in 45% methanol: 10% 
acetic acid. Gels were destained in 45% methanol: 10% acetic acid, then in 7% 
methanol: 5% acetic acid. 
Statistical analysis of the data 
The values given in the tables represent the mean of several independent 
replicates. Standard deviation has been computed as 𝛿 =  
 𝑥2
𝑁−1
. Difference 
between various treatments has been evaluated by simple analysis of variance 
and least significant difference (LSD) computed at P0.05 using MINITAB 
(v15.1.2-EQUINOX_Softddl.net) software. 
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CHAPTER: 5 
Flower senescence and chemical regulation of vase 
life in Iris versicolor 
 
Iris versicolor in full bloom in the month of July 
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Iris versicolor L. 
Botanical name:                                        Iris versicolor L. 
Common name:                                         Mazarmund 
English name:                                            Northern Blue Flag/  
                                      Harlequin Blue Flag    
 
Family:                                                      Iridaceae 
Flowering period:                                      May- July 
Plant height:                                              40-60 cm 
Number of tepals:                                      6 (3+3) 
Number of stamens:                                  3 
Number of carpels:                                    3 
Fruit:                                                          Capsule 
Flower longevity:                                      2 days 
Symptoms and patter of senescence:        The flower senescence in Iris  
versicolor is marked by the loss of 
tepal tip turgidity followed by inward 
rolling of the falls. The blue tepals 
turn yellow during senescence. 
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EXPERIMENT 5.1 
Physiological and biochemical changes associated with flower development 
and senescence in Iris versicolor  
Experimental 
Flowers of Iris versicolor growing in Kashmir University Botanic Garden 
(KUBG) were selected for the present study. Flower development and 
senescence was divided into six stages (I-VI). These stages were deciphered as 
tight bud stage, mature bud stage, pencil stage, fully open stage, partially 
senescent stage and senescent stage (Plate 5.1.1). Visible changes were 
recorded throughout flower development and senescence. Floral diameter, fresh 
and dry mass of the tepals was determined at each stage. 
For the estimation of tissue constituents from tepal tissues, 1g chopped material 
was fixed in hot 80% ethanol at each stage of flower development and 
senescence. The material was macerated and centrifuged three times. The 
supernatants were pooled and used for the estimation of soluble proteins, α-
amino acids, total phenols, reducing sugars, non-reducing sugars and total 
sugars from the suitable aliquots. Non- reducing sugars were calculated as the 
difference between total and reducing sugars. Soluble proteins were extracted 
from 1g of tepal tissue drawn separately from five different flowers at each of 
the five stages. Protease activity has been expressed as µg tyrosine equivalents 
liberated per 100mg fresh mass, besides specific protease activity has been 
computed as µg tyrosine equivalents liberated per mg protein. At each stage the 
homogenates from the tepal tissues were used for studying electrophoretic 
profiles of proteins by SDS-PAGE. The tissue was homogenized in 0.1M 
phosphate buffer (pH=7.2). 80µl of aliquot was loaded in each lane. Each value 
represented in the tables corresponds to the mean of five to ten independent 
replicates. The data has been analyzed statistically by computing standard 
deviation. 
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Results 
Visible changes 
The flower senescence in Iris versicolor was marked by the loss of tepal tip 
turgidity followed by rolling of tepal tips. Signs of senescence first appeared on 
the falls and then on standards. The greenish buds opened into blue flowers. 
The blue tepals turned yellow during senescence (Plate 5.1.1; Fig. a). The 
average life span of an individual flower after it opened fully was about 2 days. 
Floral diameter 
Flower diameter increased as the flower development progressed upto Stage IV 
and thereafter showed a constant decrease upto stage VI (Table 5.1.1, Fig. 
5.1.1). 
Fresh mass, dry mass and water content of flowers 
Fresh and dry mass increased with flower development upto stage IV and 
declined thereafter as the flower senescence progressed. Water content showed 
a constant increase upto Stage IV and a decline at stage V and VI (Table 5.1.1; 
Fig. 5.1.2, 5.1.3, 5.1.4). 
Soluble proteins 
The concentration of soluble proteins showed a slight increase from stage I to 
II, decreased from stage II to III and thereafter remained more or less constant 
from stages III to VI. However, when the data was expressed on per flower 
basis, the soluble protein content generally registered an increase upto stage IV 
and sharp decline thereafter as the senescence progressed through stages V and 
VI (Table 5.1.2, Fig 5.1.5). 
Protease activity 
The specific protease activity (expressed as µg tyrosine equivalents per mg 
protein) generally decreased during flower development from stages I to IV, 
and increased sharply thereafter as the senescence progressed through stages V 
and VI (Table 5.1.2, Fig. 5.1.6). 
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α- amino acids 
The α-amino acids content increased upto stage V but decreased sharply from 
stage V to VI. However, when the data was expressed on per flower basis, the 
amino acid content increased upto stage IV and decreased sharply as the flower 
senescence progressed through stages V and VI (Table 5.1.2, Fig. 5.1.7). 
Total phenols 
The concentration of total phenols remained more or less constant from stage I 
to IV, registered a sharp increase at stage V and a significant decrease at stage 
VI as the flower development and senescence progressed from stage V to VI. 
However, when the data was expressed on per flower basis, the total phenolic 
content increased as the flower development progressed through stages I to V 
and decreased sharply as the senescence progressed from stage V to VI (Table 
5.1.2, Fig. 5.1.8). 
Reducing Sugars 
The reducing sugar content increased through various stages of flower 
development from stage I to stage V and decreased as the senescence 
progressed through stage VI. However, when the data was expressed on per 
flower basis, the reducing sugar content increased as the flowers opened 
through various stages of development from stage I to IV and declined quickly 
thereafter as the senescence progressed through stages V and VI (Table 5.1.3, 
Fig. 5.1.9). 
Non-reducing sugars 
The tissue content of non-reducing sugars increased from stage I to IV and 
decreased as the senescence progressed through stages V and VI. The trend 
became more apparent when the data was expressed on per flower basis (Table 
5.1.3, Fig. 5.1.10). 
Total sugars 
The tissue content of total sugars showed an increase as the flower 
development progressed from stage I to IV and decreased as flower senescence 
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progressed through stages V and VI. The trend became more apparent and 
sharp when the data was expressed on per flower basis (Table 5.1.3, Fig. 
5.1.11). 
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Table 5.1.1: Floral diameter, fresh mass, dry mass and water content during 
development and senescence in flowers of Iris versicolor. 
Stages of flower 
development 
Flower 
diameter 
(cm) 
Fresh mass 
(g flower
-1
) 
Dry mass 
(g flower
-1
) 
Water 
content 
(g flower
-1
) 
I 
(tight bud stage) 
0.63±0.05 
 
1.13±0.12 
 
0.222±0.023 
 
0.911±0.04 
 
II 
(mature bud stage) 
0.83±0.07 
 
1.64±0.2 
 
0.309±0.03 
 
1.33±0.07 
 
III 
(pencil stage) 
1.15±0.1 
 
2.33±0.1 
 
0.423±0.02 
 
1.91±0.02 
 
IV 
(open stage) 
12.25±0.8 
 
3.17±0.3 
 
0.488±0.34 
 
2.68±0.04 
 
V 
(partially senescent 
stage) 
5.92±0.2 
 
1.66±0.2 
 
0.402±0.05 
 
1.26±0.04 
 
VI 
(senescent stage) 
3.45±0.1 1.01±0.1 
 
0.366±0.021 
 
0.64±0.02 
 
Each value is a mean of 10 independent replicates ± SD. 
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Table 5.1.2: Soluble proteins, α-amino acids, phenols (expressed as mg g-1 
fresh mass) and specific protease activity (expressed as µg tyrosine equivalents 
liberated per mg protein) during development and senescence in flowers of Iris 
versicolor. 
Each value is a mean of 6 independent replicates ± SD. 
Figures in the parentheses represent values on per flower basis. 
Figures in *parentheses represent values on µg tyrosine liberated per 100 mg 
fresh mass basis. 
 
 
 
Stages of flower 
development 
Soluble 
proteins 
Protease 
activity 
α-amino 
acids 
Total phenols 
I 
(tight bud stage) 
3.20±0.20 
(3.62) 
1.43±0.02 
*(446) 
3.05±0.21 
(3.45) 
2.87±0.0 
(3.24) 
II 
(mature bud stage) 
3.44±0.12 
(5.64) 
1.43±0.09 
*(415) 
2.11±0.06 
(3.46) 
2.94±0.03 
(4.82) 
III 
(pencil stage) 
2.24±0.0 
(5.22) 
1.17±0.03 
*(521) 
4.22±0.02 
(9.83) 
2.5± 0.02 
(5.82) 
IV 
(open stage) 
2.32±0.02 
(7.35) 
1.1±0.0 
*(475) 
4.93±0.0 
(15.63) 
2.37±0.07 
(7.51) 
V 
(partially senescent 
stage) 
2.76±0.07 
(4.58) 
1.82±0.05 
*(658) 
7.04±0.04 
(11.69) 
5.25± 0.03 
(8.71) 
VI 
(senescent stage) 
2.08±0.02 
(2.1) 
2.07±0.08 
*(997) 
2.82±0.03 
(2.85) 
2.37± 0.02 
(2.4) 
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Table 5.1.3: Reducing sugars, non-reducing sugars, and total sugars (expressed 
as mg g
-1
 fresh mass) during development and senescence in flowers of Iris 
versicolor. 
Each value is a mean of 6 independent replicates ± SD.  
Figures in the parentheses represent values on per flower basis. 
 
 
 
 
Stages of flower 
development 
Reducing 
sugars 
Non-reducing 
sugars 
Total sugars 
I 
(tight bud stage) 
7.143±0.9 
(8.07) 
12.497±0.05 
(14.12) 
19.64±0.2 
(22.19) 
II 
(mature bud stage) 
7.143±0.23 
(11.71) 
24.107±0.2 
(39.54) 
31.25±0.4 
(51.25) 
III 
( pencil stage) 
29.64±0.4 
(69.06) 
29.35±0.01 
(68.38) 
58.99±0.32 
(137.45) 
IV 
(open stage) 
32.29±0.7 
(102.36) 
30.21±0.0 
(95.76) 
62.5±0.2 
(198.12) 
V 
(partially senescent 
stage) 
35.71±0.5 
(59.28) 
18.79±0.3 
(31.2) 
54.5±0.43 
(90.47) 
VI 
(senescent stage) 
14.28±0.3 
(14.42) 
18.76±0.4 
(18.93) 
33.04±0.17 
(33.37) 
M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 70 
 
   
Fig. 5.1.1                                          Fig.5.1.2 
 
 
             Fig. 5.1.3                                               Fig.5.1.4 
 
Fig. 5.1.1 – 5.1.4: Changes in floral diameter, fresh and dry mass of flowers 
and water content of flowers at various stages of floral development and 
senescence in Iris versicolor. 
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                                 Fig. 5.1.5                                                       Fig.5.1.6 
 
 
                            Fig. 5.1.7                                                  Fig. 5.1.8 
 
Fig. 5.1.5-5.1.8: Changes in soluble proteins, specific protease activity, α- 
amino acids and total phenols at various stages of flower development and 
senescence in Iris versicolor. 
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           Fig. 5.1.9                                                Fig. 5.1.10 
 
 
           Fig.5.1.11 
 
Fig. 5.1.9-5.1.11: Changes in reducing sugars, non-reducing sugars and total 
sugars at various stages of flower development and senescence in Iris 
versicolor. 
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Fig. a: Stages of flower development and senescence in Iris versicolor 
 
 
Fig. b: Electrophoretogram of the stages of flower development and 
senescence 
 
Plate 5.1.1 
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Plate 5.1.1 
Fig. a: Stages of flower development and senescence in Iris versicolor; 
stages (I to VI) in the figure represent; I (Tight bud stage), II 
(Mature bud stage), III (Pencil stage), IV (Fully open stage), V 
(Partially senescent stage), VI (Senescent stage).  
Fig. b: SDS-PAGE of equal amounts of extractable protein at various 
stages (I to VI) of flower development and senescence from tepal 
tissues of Iris versicolor. The gel was stained with coomassie blue. 
Numbers above lanes correspond to developmental stages. Molecular 
weight standards are indicated on the left (kDa) and the ca molecular 
weights of major polypeptides to the right of the gel (kDa) 
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EXPERIMENT - 5.2 
Effect of postharvest dry storage (PHDS) at different temperatures {5, 10 
and RT (20±2
o
C)} for 72 h and subsequent transfer to vase solutions 
{distilled water (DW) and sucrose (SUC)} on postharvest performance of 
cut scapes of Iris versicolor L. 
Experimental 
Uniform and healthy scapes of Iris versicolor growing in the Kashmir 
University Botanic garden (KUBG) were used for this study. The buds were 
harvested at 1200 h with their oldest bud at 1 day before anthesis. The 
harvested scapes were immediately brought to the laboratory, cut to a uniform 
length of 45 cms. The scapes were wrapped in moistened filter papers, packed 
in perforated polyethylene flower sleeves (50 cm long and 15 cm wide top) and 
kept at 5 and 10
o
C. A separate set of scapes was kept at room temperature 
(20±2
o
C). After 72 h the scapes were kept at room temperature after 
transferring them to 250 ml Ehrlenmeyer flasks containing 200 ml of vase 
solution {Distilled water (DW) and Sucrose (SUC) 0.1 M}. Each treatment was 
represented by 5 replicates (flasks) with each flask containing two scapes. The 
day of transfer of scapes to vase solutions (DW and SUC) was designated as 
day zero (D0). The average vase life of scapes was counted from the day of 
transfer to holding solution (D0) and was regarded to be terminated when the 
last flower had lost its display value (marked by change and flaccidity of 
tepals). Visual changes were observed at periodic intervals. Floral diameter, 
volume of holding solution absorbed and number of blooms was estimated on 
day 1, 4 and 7. Fresh mass and dry mass was estimated on day 2 and 5. 
Changes in tissue constituents including soluble proteins, α- amino acids, 
phenolics and sugar fractions were estimated at day 2 and 5 of transfer to vase 
solution (DW and SUC). The data has been expressed both on fresh mass and 
per flower basis. The results have been analyzed statistically and LSD 
computed at P0.05 using MINITAB (v15.1.2-EQUINOX_Softddl.net) software. 
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Results 
Visible effects 
The scapes dry stored for 72 h at 5 and 10°C maintained their premature status 
during storage. But the scapes maintained at 5°C were fresh as compared to 
scapes kept at 10°C. However, the oldest flower buds on scapes dry stored at 
room temperature (20±2°C) were aborted and water soaked (Plate 5.2.1, Fig. a 
and b). All the buds at 1 day before anthesis (i.e. pencil stage) on the scapes 
previously stored at 5 and 10°C opened up on D1 after the transfer to vase 
solution. Senescence of the oldest buds on the scapes previously kept at RT 
(20±2°C) occurred on D1 (Plate 5.2.2, Fig. a, b and c). Flower senescence was 
characterized by the initiation of tepal inrolling followed by water soaking of 
tepals and color change from blue to pale yellow. Flower senescence was 
observed to be same as was the case under the field conditions. 
Vase life 
The average vase life of scapes previously dry stored at various temperature 
regimes i.e. RT (20±2°C), 10 and 5°C before transfer to DW was 
approximately 3, 5 and 6 days respectively; whereas the vase life of the 
corresponding scapes dry stored at RT (20±2°C), 10 and 5°C before transfer to 
SUC was approximately 3, 6, 7 days respectively. The maximum vase life was 
recorded in scapes stored at 5°C before transfer to DW and SUC was 6 and 7 
days respectively (Table 5.2.1; Fig. 5.2.1). 
Fresh and Dry mass 
The fresh and dry mass of flowers from scapes previously dry stored for 72h at 
10 and 5°C registered an increase as compared to the flowers from the 
corresponding scapes held at RT (20±2°C) irrespective of the holding solution. 
Fresh and dry mass of the flowers decreased significantly with the progression 
in time from day 1 to day 5 irrespective of the holding solution used. Maximum 
fresh mass was recorded in the samples of the scapes previously dry stored at 
5°C and transferred to DW; while as the maximum dry mass was recorded in 
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the samples of the scapes previously dry stored at 5°C and transferred to SUC 
(Table 5.2.1, Fig. 5.2.2 and 5.2.3). 
Floral diameter 
A higher floral diameter was recorded in the flowers previously dry stored at 
10 and 5°C as compared to the flowers from the corresponding scapes held at 
RT (20±2°C) irrespective of the holding solution. Floral diameter registered an 
increase with the progression in time from day 1 to day 7. Maximum floral 
diameter was recorded on day 4 in the flowers of the scapes previously dry 
stored at 5°C for 72h and transferred to DW (Table 5.2.2, Fig. 5.2.4). 
Volume of holding solution absorbed 
The volume of holding solution absorbed increased with progression in time 
from day 1 to day 7 of the transfer of scapes to various vase solutions 
irrespective of the particular temperature regime and holding solution. The 
solution uptake was significantly higher in scapes previously dry stored for 72h 
at 10 and 5°C as compared to the corresponding scapes held at RT irrespective 
of the holding solution. The solution uptake was significantly higher in the 
scapes previously dry stored for 72h and transferred to DW than the 
corresponding scapes transferred to SUC irrespective of the temperature 
treatments. The maximum solution uptake was noticed on day 7 in the scapes 
previously dry stored at 5°C for 72h and transferred to DW (Table 5.2.2, Fig. 
5.2.5). 
Number of blooms per scape 
The number of blooms per scape as also the percent blooming increased with 
the progression from day 1 to day 7 of the transfer of scapes to various holding 
solutions irrespective of the particular temperature regime and holding solution. 
Scapes previously dry stored at 10 and 5°C exhibited 100% blooming by day 7 
irrespective of the holding solution. Number of blooms as also the percent 
blooms was marginally higher in the scapes held in SUC than the 
corresponding scapes held in DW. Complete and sustained blooming was 
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exhibited in scapes previously dry stored at 5°C by day 7 irrespective of the 
holding solution (Table 5.2.2, Fig. 5.2.6). 
Soluble Proteins 
The soluble protein content of the samples from scapes previously dry stored at 
10 and 5°C for 72h registered a gradual decrease as compared to the samples 
from corresponding scapes held at RT irrespective of the transfer to various 
holding solutions. The soluble protein decreased significantly with the 
progression in time from day 1 to day 5 irrespective of the holding solution 
used, however, at each of the temperature regimes the soluble protein content 
was found to be higher in the samples from scapes held in SUC as compared to 
corresponding scapes held in DW. Maximum protein content was found on day 
2 in the samples previously dry stored at RT for 72 h and transferred to SUC 
(Table 5.2.3; Fig. 5.2.7) 
Specific Protease Activity 
Specific protease activity (expressed as µg tyrosine equivalents released per mg 
protein) of the samples from the scapes previously dry stored at 10 and 5°C for 
72h was significantly lower as compared to the corresponding scapes held at 
RT irrespective of the holding solution used. The specific protease activity 
increased largely with the progression in time from day 2 to day 5 irrespective 
of the holding solution used. At almost each of the particular temperature 
regimes the specific protease activity of the samples was generally more in 
scapes held in SUC as compared to corresponding scapes held in DW. 
Maximum specific protease activity was observed on day 5 in the samples from 
the scapes previously dry stored for 72h at RT and transferred to SUC (Table 
5.2.3; Fig. 5.2.8). 
α- amino acids 
The α- amino acid content of the samples from the scapes previously dry stored 
at 10 and 5°C for 72h mostly registered a decrease as compared to the samples 
from the corresponding scapes held at RT irrespective of the holding solution. 
The α-amino content increased with the progression in time from day 2 to day 
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5 of the transfer of scapes irrespective of the holding solution used at 10 and 
5°C, the increase was considerable in scapes held at RT. The lowest α- amino 
acid content was noticed on day 2 in the samples of the scapes previously dry 
stored at 5°C and transferred to SUC (Table 5.2.3; Fig. 5.2.9). 
Total Phenolics 
A significantly lower phenolic content was usually maintained in the samples 
of the scapes previously dry stored at 10 and 5°C for 72h as compared to the 
samples from the corresponding scapes held at RT. The total phenolic content 
decreased with the progression in time in samples from scapes held at 10 and 
5°C from day 2 to day 5 irrespective of the holding solution used. The total 
phenolic content of the tissues in the samples from scapes held at RT in either 
DW or SUC for 72 h was maintained with the progression in time from day 2 
to day 5 (Table 5.2.3; Fig. 5.2.10). 
Reducing Sugars 
The reducing sugar content of the samples from the scapes previously dry 
stored for 72h at 10 and 5°C registered a significant increase as compared to 
the samples from corresponding scapes held at RT irrespective of the transfer 
to various vase solutions. However, at each of the temperature regimes the 
reducing sugar content was found to be higher in samples from the scapes held 
in SUC as compared to the samples of the scapes held in DW. Generally, the 
reducing sugar content decreased with the progression in time from day 2 to 
day 5 of the transfer irrespective of the treatments; however a higher tissue 
content of reducing sugars was maintained in the samples from scapes 
previously dry stored at 10°C for 72h and transferred to SUC (Table 5.2.4; Fig. 
5.2.11) 
Non-reducing Sugars 
Generally the non-reducing sugar content from the samples of the scapes 
previously dry stored for 72h at 5°C registered an increase as compared to the 
samples from corresponding scapes held at RT irrespective of the transfer to 
various vase solutions. The non reducing sugar content increased sharply with 
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the progression in time from day 2 to day 5 of the transfer irrespective of the 
transfer to various vase solutions. However, at each of the temperature regimes 
the non reducing sugar content was found to be higher in samples from the 
scapes held in SUC as compared to the samples of the corresponding scapes 
held in DW. Maximum non reducing sugar content was noticed on day 5 in the 
samples from the scapes previously dry stored at  5°C for 72h and transferred 
to SUC (Table 5.2.4; Fig. 5.2.12) 
Total Sugars 
The total sugar content of the samples of the scapes previously dry stored for 
72h at 10 and 5°C registered a sharp increase as compared to the samples from 
corresponding scapes held at RT irrespective of the transfer to various vase 
solutions. The total sugar content decreased sharply with the progression in 
time from day 2 to day 5 of the transfer of the scapes to DW; but an increase in 
the total sugar content was registered with the progression in time from day 2 
to day 5 of the transfer of the scapes to SUC. However, at each of the 
temperature regimes the total sugar content was found to be higher in samples 
from the scapes held in SUC as compared to the samples of the scapes held in 
DW. A higher total sugar content was maintained in the samples with the 
progression in time from day 2 to day 5 from the scapes previously dry stored 
at  5°C for 72h and transferred to SUC (Table 5.2.4; Fig. 5.2.13). 
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Table 5.2.1: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on vase life, fresh and dry mass of flowers at day 2 & 5 of transfer in Iris 
versicolor L. 
 
Treatments 
 
Vase life 
(days) 
Days of transfer 
Fresh mass (g) Dry mass (g) 
D2 D5 D2 D5 
Set A (DW) 
RT 
10°C 
5°C 
3 
5.66 
6.33 
2.29 
2.95 
3.04 
1.98 
2.27 
2.45 
0.334 
0.377 
0.379 
0.192 
0.203 
0.215 
Set B (SUC) 
RT 
10°C 
5°C 
3.33 
6 
7.16 
2.27 
2.95 
2.97 
1.89 
2.3 
2.42 
0.367 
0.395 
0.404 
0.212 
0.267 
0.279 
LSD at P0.05 0.31 0.06 0.031 0.004 0.007 
Each value is the mean of 6 independent replicates. 
Room temperature= 20±2°C 
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Table 5.2.2: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on floral diameter, number of blooms per scape, holding solution absorbed per 
scape on D1, D4 & D7 of transfer in Iris versicolor L. 
Each value is the mean of 6 independent replicates. 
The figures in the parentheses represent percent blooms 
Room temperature= 20±2°C 
 
 
 
Treatments 
Days of transfer 
Floral diameter 
(cm) 
Number of blooms 
per scape 
Holding solution 
absorbed per scape  
(ml) 
D1 D4 D7 D1 D4 D7 D1 D4 D7 
Set A (DW) 
RT 
 
10°C 
 
5°C 
 
9.25 
 
12.13 
 
12.63 
- 
 
13.2 
 
14.2 
- 
 
- 
 
10.5 
0.3 
(16) 
1 
(50) 
1 
(50) 
1.33 
(66) 
1.67 
(75) 
1.5 
(80) 
1.33 
(66) 
2 
(80) 
2.17 
(92) 
2.83 
 
4.33 
 
4.5 
7.16 
 
10.3 
 
15.5 
11.7 
 
14 
 
23.3 
Set B (SUC) 
RT 
 
10°C 
 
5°C 
 
9.25 
 
11.6 
 
13.6 
10.5 
 
12.5 
 
13.5 
- 
 
- 
 
13.5 
0.2 
(8) 
1 
(50) 
1 
(50) 
1 
(42) 
2 
(80) 
1.83 
(70) 
1 
(42) 
2.17 
(92) 
2.17 
(100) 
2.67 
 
4 
 
3.67 
6.67 
 
9.5 
 
11.8 
9.67 
 
14.2 
 
15 
LSD at P0.05 0.11 0.04  0.02 0.014 0.031 0.11 0.21 0.33 
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Table 5.2.3: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on soluble proteins, specific protease activity, total phenols and α-amino acids 
at days 2 & 5 of transfer in Iris versicolor L. 
Treatments Days of transfer 
Soluble 
proteins 
(mg/g fm) 
Protease activity Total phenols 
(mg/g fm) 
α-amino acids 
(mg/g fm) 
D2 D5 D2 D5 D2 D5 D2 D5 
Set A (DW) 
RT 
 
10°C 
 
5°C 
1.68 
 
1.60 
 
1.52 
1.2 
 
1.28 
 
1.28 
0.84 
(502) 
0.48 
(304) 
0.38 
(284) 
1.18 
(905) 
1.07 
(839) 
0.62 
(372) 
11.84 
 
9.53 
 
9.53 
17.33 
 
8.52 
 
5.49 
38.45 
 
18.37 
 
15.38 
50.84 
 
20.08 
 
17.52 
Set B (SUC) 
RT 
 
10°C 
 
5°C 
1.96 
 
1.88 
 
1.48 
1.36 
 
1.2 
 
0.96 
0.51 
(264) 
0.45 
(293) 
0.41 
(300) 
1.34 
(986) 
1.04 
(871) 
0.75 
(783) 
17.48 
 
9.39 
 
9.82 
16.03 
 
4.77 
 
4.77 
19.22 
 
17.52 
 
12.82 
59.38 
 
18.37 
 
13.67 
LSD at P0.05 0.031 0.05 0.07 0.051 0.071 0.007 0.76 0.98 
Each value is the mean of 6 independent replicates. 
Figures in the parentheses represent specific protease activity (µg tyrosine 
equivalents liberated per mg protein) 
Room temperature= 20±2°C 
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Table 5.2.4: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on total sugars, reducing sugars & non-reducing sugars on day 2 & 5 of transfer 
in Iris versicolor L. 
 
Treatments 
Days of transfer 
Reducing sugars 
(mg/g fm) 
Non-reducing 
sugars (mg/g fm) 
Total sugars   (mg/g 
fm) 
D2 D5 D2 D5 D2 D5 
Set A (DW) 
RT 
10°C 
5°C 
17.41 
23.21 
35.98 
10.02 
15.09 
15.09 
2.32 
2.32 
3.48 
2.48 
1.16 
4.64 
19.73 
25.53 
39.46 
12.5 
16.25 
19.73 
Set B (SUC) 
RT 
10°C 
5°C 
20.89 
47.59 
46.43 
51.07 
41.79 
42.68 
3.48 
3.48 
7.16 
11.61 
32.49 
32.6 
24.37 
51.07 
53.59 
62.68 
74.28 
75.28 
LSD at P0.05 1.5 0.9 0.051 0.31 1.1 1.13 
Each value is the mean of 6 independent replicates. 
Room temperature= 20±2°C 
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                         Fig. 5.2.1                                                  Fig. 5.2.2 
 
 
                            Fig. 5.2.3                                                             Fig. 5.2.4 
Fig. 5.2.1- 5.2.4: Effect of postharvest dry storage (PHDS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on vase life, fresh mass, dry mass and floral diameter in Iris 
versicolor L. 
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                              Fig. 5.2.5                                                         Fig. 5.2.6 
 
 
Fig. 5.2.7                                                 Fig. 5.2.8 
Fig. 5.2.5- 5.2.8: Effect of postharvest dry storage (PHDS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on volume of holding solution absorbed per scape, number of 
blooms per scape, soluble proteins and specific protease activity in Iris 
versicolor L. 
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Fig. 5.2.9                                                    Fig. 5.2.10 
 
 
Fig. 5.2.11                                               Fig. 5.2.12 
Fig. 5.2.9- 5.2.12: Effect of postharvest dry storage (PHDS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on α-amino acids, total phenols, reducing sugars and non-
reducing sugars in Iris versicolor L. 
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Fig. 5.2.13 
Fig. 5.2.13: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on total sugars in Iris versicolor L. 
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Plate 5.2.1 
 
 
 
 
 
 
      RT                   10˚C                  5˚C 
(a) 
 
 
 
 
 
(b) 
RT                 10˚C                  5˚C 
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Plate 5.2.1 
Effect of postharvest dry storage (PHDS) for 72 h at room 
temperature (RT), 10˚C and 5˚C before transfer to DW and SUC 
(0.1M) in cut scapes of Iris versicolor. 
Fig. (a): From left to right are arranged scapes before dry storage for 
72 h. 
Fig. (b): From left to right are arranged scapes after dry storage for 
72 h. 
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Plate 5.2.2 
 
 
 
 
 
(a) 
 
 
 
 
(b) 
 
 
 
 
(c) 
   RT-DW     RT-SUC             10˚C-DW    10˚C-SUC             5˚C-DW      5˚C-SUC 
  RT-DW      RT-SUC           10˚C-DW      10˚C-SUC            5˚C-DW       5˚C-SUC 
   RT-DW       RT-SUC           10˚C-DW      10˚C-SUC           5˚C-DW      5˚C-SUC 
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Plate 5.2.2 
Scapes of Iris versicolor held in distilled water (DW) and sucrose 
(SUC) after 72 h dry storage at day 1 of transfer (Fig. a), day 3 of 
transfer (Fig. b) and day 6 of transfer (Fig. c). 
From left to right are arranged flasks containing scapes which were 
previously held at different temperatures {(RT, 20±3˚C), 10˚C and 
5˚C} before transfer to vase solutions {DW or SUC}. 
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EXPERIMENT – 5.3 
Effect of postharvest wet storage (PHWS) at different temperatures RT 
(20±2
o
C), 10ºC and 5ºC for 72 h and subsequent transfer to vase solutions 
{distilled water (DW) and sucrose (SUC)}on postharvest performance of 
cut scapes of Iris versicolor. 
Experimental 
Uniform and healthy scapes of Iris versicolor growing in the Kashmir 
University Botanic Garden (KUBG) were used for this study. The buds were 
harvested at 1200 h with their oldest bud at 1 day before anthesis (i.e. pencil 
stage). The harvested scapes were immediately brought to the laboratory and 
cut to a uniform length of 35 cms. The scapes were held in distilled water 
(DW) in separate glass beakers and kept at 5 and 10
º
C. A separate set of scapes 
was kept at room temperature (20±2
º
C). After 72 h the scapes were kept at 
room temperature after transferring them to 250 ml Ehrlenmeyer flasks 
containing 200 ml of vase solution {Distilled water (DW) and Sucrose (SUC) 
0.1 M}. Each treatment was represented by 5 replicates (flasks) with each flask 
containing two scapes. The day of transfer of scapes to vase solutions (DW and 
SUC) was designated as day zero. The average vase life of scapes was counted 
from the day of transfer (D0) to holding solution and was regarded to be 
terminated when the last flower lost its display value (marked by color change 
and flaccidity of tepals). Visual changes were observed at periodic intervals. 
Floral diameter, number of blooms and volume of holding solution absorbed 
were estimated on Day 1, 4 and 7. Fresh and dry mass was estimated on day 2 
and 5. Changes in tissue constituents including soluble proteins, α- amino 
acids, phenolics and sugar fractions were estimated at day 2 and day 5 of 
transfer of scapes to vase solution (DW and SUC). The data has been expressed 
both on fresh mass and per flower basis. The results have been analyzed 
statistically and LSD computed at P0.05 using MINITAB (v15.1.2-
EQUINOX_Softddl.net) software. 
 
M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 94 
 
Results 
Visible effects 
The scapes previously wet stored for 72 h at 5°C maintained their premature 
status during storage, but the scapes maintained at 10°C opened up during 
storage. However, the oldest flower buds on scapes wet stored at room 
temperature (20±2°C) senesced during the storage (Plate 5.2.1, Fig. a and b). 
All the buds at 1 day before anthesis (i.e. pencil stage) on the scapes previously 
stored at 5°C opened up on day 1 after the transfer to vase solution (Plate 5.3.2, 
Fig a, b and c). Flower senescence was characterized by the inrolling of tepals 
followed by water soaking of tepals and changing of color from pale blue to 
deep blue at the top and yellowish towards the base.  Flower senescence was 
observed to be same as was the case under field conditions, but flowers got 
detached from the scapes as the senescence progressed. 
Vase life 
The average vase life of scapes previously wet stored at various temperature 
regimes i.e. RT (20±2°C), 10 and 5°C before transfer to DW was 
approximately 3, 5 and 6 days respectively; whereas the vase life of the 
corresponding scapes wet stored at RT (20±2°C), 10 and 5°C before transfer to 
SUC was approximately 3, 6, 7 days respectively. The maximum vase life was 
recorded in scapes wet stored at 5°C before transferred to DW and SUC which 
was 6 and 7 days respectively (Table 5.3.1; Fig. 5.3.1). 
Fresh and dry mass 
The fresh and dry mass of the samples from scapes previously wet stored for 
72h at 10 and 5°C registered an increase as compared to the flowers from the 
corresponding scapes held at RT (20±2°C) irrespective of the holding solution. 
Fresh and dry mass decreased with the progression in time from day 2 to day 5 
of transfer irrespective of the treatments. Maximum value of fresh mass was 
recorded in the flowers from scapes previously dry stored at 5°C for 72h and 
transferred to SUC on day 2 and highest value of dry mass was observed in 
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scapes previously held at 10°C  for 72h and transferred to DW on day 2 (Table 
5.3.1, Fig. 5.3.2, 5.3.3). 
Floral diameter 
The diameter of flowers from the scapes previously wet stored at 10 and 5°C 
was higher as compared to the flowers from the corresponding scapes held at 
RT (20±2°C) irrespective of the holding solution. Floral diameter registered a 
consistent increase with the progression in time from day 1 to day 4 of transfer 
of scapes irrespective of the treatments. The floral diameter of samples from 
the scapes held in either DW or SUC at various temperature regimes was 
comparable. Floral diameter was maximum in the flowers from the scapes 
previously wet stored at 5°C for 72h and transferred to either DW or SUC on 
day 4  (Table 5.3.2, Fig. 5.3.4). 
Volume of holding solution absorbed 
The volume of holding solution absorbed increased with progression in time 
from day 1 to day 7 of the transfer of scapes to various vase solutions 
irrespective of the particular temperature regime and holding solution. The 
solution uptake was significantly higher in scapes previously wet stored for 72h 
at 10 and 5°C as compared to the corresponding scapes held at RT irrespective 
of the holding solution. A higher solution uptake was recorded in the scapes 
held in DW as compared to SUC irrespective of the various temperature 
regimes. The maximum solution uptake was noticed in the scapes previously 
wet stored at 5°C for 72h and transferred to DW on D7 (Table 5.3.2, Fig. 
5.3.5). 
Number of blooms per scape 
The number of blooms as also the percent blooming increased with progression 
from D1 to D7 of the transfer of scapes to various holding solutions 
irrespective of the particular temperature regime and holding solution. Scapes 
previously wet stored at 5°C and transferred to DW and SUC exhibited 100% 
blooming by day 7. Complete and sustained blooming was exhibited in scapes 
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previously wet stored at 5°C and transferred to DW and SUC (Table 5.3.2, Fig. 
5.3.6)  
Soluble proteins  
The soluble protein content of the samples from scapes previously wet stored at 
10 and 5°C for 72h registered an increase as compared to the samples from 
corresponding scapes held at RT irrespective of the transfer to various holding 
solutions on day 2; but soluble protein content of the samples from scapes 
previously wet stored at 10 and 5°C for 72h registered a significant decrease as 
compared to the samples from corresponding scapes held at RT irrespective of 
the transfer to various holding solutions on day 5. The soluble protein content 
decreased marginally with the progression in time from day 2 to day 5. 
Maximum protein content was found in the samples previously wet stored at 
5°C for 72h and transferred to SUC on day 2 (Table 5.3.3; Fig. 5.3.7) 
Specific protease activity 
Specific protease activity (expressed as µg tyrosine equivalents released per mg 
protein) of the samples from the scapes previously wet stored at 10 and 5°C for 
72h was significantly lower as compared to the samples from corresponding 
scapes held at RT irrespective of the holding solution used. The specific 
protease activity decreased with the progression in time from day 2 to day 5 
irrespective of the holding solution used. Maximum specific protease activity 
was observed in the samples from scapes previously wet stored for 72h at RT 
and transferred to DW on day 5 (Table 5.3.3; Fig. 5.3.8) 
α- amino acids  
A lower α- amino acids content was maintained in the samples from the scapes 
previously wet stored at 10 and 5°C for 72h as compared to the samples from 
the corresponding scapes held at RT irrespective of the holding solution. 
However, the α- amino acids in the samples increased profoundly with the 
progression in time from day 2 to day 5 of the transfer of scapes irrespective of 
the particular temperature regime and holding solution used. The lowest α- 
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amino acid content was noticed in the samples from scapes previously wet 
stored at 5°C and transferred to SUC on day 2 (Table 5.3.3; Fig. 5.3.9). 
Total phenolics  
A lower phenolic content was usually maintained in the samples from the 
scapes previously wet stored at 10 and 5°C for 72h as compared to the samples 
from the corresponding scapes held at RT irrespective of the holding solution 
used. At each of the particular temperature regimes the phenolic content of the 
samples from scapes held in SUC was higher as compared to corresponding 
scapes held in DW. The total phenolic content decreased with the progression 
in time from day 2 to day 5 irrespective of the holding solution used. The 
maximum phenolic content was noticed in the samples from the scapes 
previously wet stored at RT and transferred to SUC on day 2 (Table 5.3.3; Fig. 
5.3.10). 
Reducing sugars  
The reducing sugar content of the samples from the scapes previously wet 
stored for 72h at 10 and 5°C registered an increase as compared to the samples 
from corresponding scapes held at RT irrespective of the transfer to various 
vase solutions. However at each of the temperature regimes reducing sugar 
content was found to be higher in the samples held in SUC as compared to the 
samples from corresponding scapes held in DW. The reducing sugar content 
decreased significantly with the progression in time from day 2 to day 5 of the 
transfer irrespective of the treatments. Maximum reducing sugar content was 
observed in the samples from the scapes previously wet stored at  5°C for 72h 
and transferred to SUC on day 2 (Table 5.3.4; Fig. 5.3.11). 
Non-reducing sugars 
The non-reducing sugar content of the samples from the scapes previously wet 
stored for 72h at 10 and 5°C registered a sharp decrease as compared to the 
samples from corresponding scapes held at RT irrespective of the transfer to 
various vase solutions. The non reducing sugar content increased sharply with 
the progression in time from day 2 to day 5 of the transfer in the scapes 
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previously wet stored at 10 and 5°C irrespective of the holding solution used. 
At the temperature regimes 10 and 5˚C the non reducing sugar content was 
found to be higher in samples from the scapes held in DW as compared to the 
samples of the scapes held in SUC. However, the non-reducing sugar content 
of the samples from the scapes held at RT in DW or SUC was almost 
comparable. Maximum non-reducing sugar content was observed in the 
samples from the scapes previously wet stored at RT for 72h and transferred to 
SUC on day 2 (Table 5.3.4; Fig. 5.3.12). 
Total sugars  
The total sugar content of the samples from the scapes previously wet stored 
for 72h at 10 and 5°C registered a significant decrease as compared to the 
samples from corresponding scapes held at RT irrespective of the transfer to 
various vase solutions. However, at each of the temperature regimes the total 
sugar content was found to be higher in samples from the scapes held in SUC 
as compared to the samples from the scapes held in DW. The total sugar 
content decreased significantly with the progression in time from day 2 to day 
5 of the transfer irrespective of the treatments. Maximum total sugar content 
was observed in the samples from the scapes previously wet stored at  RT for 
72h and transferred to SUC on day 2 (Table 5.3.4; Fig. 5.3.13). 
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Table 5.3.1: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on vase life, fresh and dry mass of flowers at day 2 & 5 of 
transfer in Iris versicolor L. 
 
Treatments 
 
Vase life 
(days) 
Days of transfer 
Fresh mass (g) Dry mass (g) 
D2 D5 D2 D5 
Set A (DW) 
RT 
10°C 
5°C 
3.33 
5 
6.33 
2.46 
3.25 
3.25 
2.15 
2.51 
2.62 
0.365 
0.426 
0.389 
0.191 
0.212 
0.224 
Set B (SUC) 
RT 
10°C 
5°C 
3.33 
6 
7.12 
2.28 
2.91 
3.21 
1.89 
2.27 
2.72 
0.343 
0.376 
0.419 
0.215 
0.236 
0.279 
LSD at P0.05 0.31 0.017 0.008 0.003 0.002 
Each value is the mean of 6 independent replicates. 
Room temperature = 20±2˚C 
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Table 5.3.2: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on floral diameter, number of blooms per scape, holding 
solution absorbed per scape on D1, D4 & D7 of transfer in Iris versicolor L. 
Each value is the mean of 6 independent replicates. 
The values in the parentheses represent percent blooms 
Room temperature= 20±2˚C 
 
 
 
 
Treatments 
Days of transfer 
Floral diameter 
(cm) 
Number of blooms 
per scape 
Holding solution 
absorbed per 
scape  (ml) 
D1 D4 D7 D1 D4 D7 D1 D4 D7 
Set A (DW) 
RT 
 
10°C 
 
5°C 
 
11.5 
 
13.1 
 
13.6 
12.5 
 
13.8 
 
14.5 
- 
 
- 
 
12.5 
1.33 
(53) 
1 
(50) 
1 
(46) 
2 
(66) 
1.8 
(84) 
1.8 
(85) 
2 
(66) 
2 
(92) 
2.13 
(100) 
2.7 
 
3.7 
 
3.5 
7.7 
 
10.2 
 
12.5 
11.8 
 
14.5 
 
17.5 
Set B (SUC) 
RT 
 
10°C 
 
5°C 
 
11.2 
 
12.5 
 
13 
12.5 
 
12.7 
 
15.1 
- 
 
- 
 
13.5 
1.2 
(46) 
1 
(54) 
1 
(46) 
2 
(80) 
1.7 
(83) 
1.5 
(80) 
2 
(80) 
1.9 
(83) 
2.17 
(100) 
1.7 
 
2.3 
 
3.2 
5.3 
 
6.3 
 
9 
9 
 
10 
 
11.8 
LSD at P0.05 0.14 0.37  0.016 0.01 0.013 0.07 0.07 0.11 
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Table 5.3.3: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on soluble proteins, specific protease activity, total phenols 
and α-amino acids at day 2 & 5 (D2& D5) of transfer in Iris versicolor L. 
Treatments Days of transfer 
Soluble 
proteins 
(mg/g fm) 
Protease activity Total phenols 
(mg/g fm) 
α-amino acids 
(mg/g fm) 
D2 D5 D2 D5 D2 D5 D2 D5 
Set A (DW) 
RT 
 
10°C 
 
5°C 
1.44 
 
1.56 
 
1.64 
1.52 
 
0.96 
 
0.76 
1.04 
(633) 
0.68 
(436) 
0.42 
(257) 
1.23 
(811) 
0.52 
(540) 
0.32 
(338) 
12.71 
 
8.38 
 
7.66 
11.18 
 
4.62 
 
5.05 
16.88 
 
15.59 
 
10.25 
 
51.27 
 
20.50 
 
11.96 
Set B (SUC) 
RT 
 
10°C 
 
5°C 
1.56 
 
1.64 
 
2.0 
1.28 
 
1.16 
 
1.0 
0.97 
(624) 
0.55 
(336) 
0.52 
(259) 
0.71 
(557) 
0.39 
(335) 
0.32 
(324) 
12.84 
 
10.83 
 
7.80 
11.46 
 
6.50 
 
6.64 
10.9 
 
7.7 
 
4.48 
58.96 
 
19.65 
 
13.67 
LSD at P0.05 0.05 0.007 0.001 0.003 0.31 0.17 0.302 1.09 
Each value is the mean of 6 independent replicates. 
Figures in the parentheses represent specific protease activity (µg tyrosine 
equivalents liberated per mg protein) 
Room temperature = 20±2˚C 
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Table 5.3.4: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on total sugars, reducing sugars & non-reducing sugars on 
days 2 & 5 (D2 & D5) of transfer in Iris versicolor L. 
 
Treatments 
Days of transfer 
Reducing sugars 
(mg/g fm) 
Non-reducing 
sugars (mg/g fm) 
Total sugars   (mg/g 
fm) 
D2 D5 D2 D5 D2 D5 
Set A (DW) 
RT 
10°C 
5°C 
23.21 
28.32 
31.34 
20.34 
22.05 
24.09 
31.59 
8.82 
1.64 
29.57 
13.09 
6.8 
54.8 
37.14 
32.98 
49.91 
35.14 
30.89 
Set B (SUC) 
RT 
10°C 
5°C 
24.89 
35.75 
38.62 
22.11 
31.30 
34.07 
33.14 
7.19 
0.81 
31.28 
9.18 
2.36 
58.03 
42.94 
39.43 
53.39 
40.48 
36.43 
LSD at P0.05 0.903 0.32 0.34 0.63 1.34 2.04 
Each value is the mean of 6 independent replicates. 
Room temperature= 20±2˚C 
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Fig. 5.3.1                                                         Fig. 5.3.2 
 
 
 
 
Fig. 5.3.3                                                 Fig. 5.3.4 
Fig. 5.3.1- 5.3.4: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on vase life, fresh mass, dry mass and floral diameter in Iris 
versicolor L. 
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Fig. 5.3.5                                                        Fig. 5.3.6   
 
 
 
 
 
Fig. 5.3.7                                                         Fig. 5.3.8 
Fig. 5.3.5- 5.3.8: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on volume of holding solution absorbed per scape, number of 
blooms per scape, soluble proteins and specific protease activity in Iris 
versicolor L. 
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Fig. 5.3.9                                                Fig. 5.3.10 
 
 
 
 
 
 
Fig. 5.3.11                                                         Fig. 5.3.12 
Fig. 5.3.9- 5.3.12: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on α-amino acids, total phenols, reducing sugars and non-
reducing sugars in Iris versicolor L. 
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Fig. 5.3.13 
Fig. 5.3.13: Effect of postharvest wet storage (PHWS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on total sugars in Iris versicolor L. 
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Plate 5.3.1 
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            RT                  10˚C              5˚C 
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Plate 5.3.1 
Effect of postharvest wet storage (PHWS) for 72 h at room 
temperature (RT), 10˚C and 5˚C before transfer to DW and SUC 
(0.1M) in cut scapes of Iris versicolor 
Fig. (a): From left to right are arranged scapes before wet storage for 
72 h. 
Fig. (b): From left to right are arranged scapes after wet storage for 
72 h. 
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Plate 5.3.2 
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Plate 5.3.2 
Scapes of Iris versicolor held in distilled water (DW) and sucrose 
(SUC) after 72 h wet storage at day 1 of transfer (Fig. a), day 3 of 
transfer (Fig. b) and day 6 of transfer (Fig. c). 
From left to right are arranged flasks containing scapes which were 
previously held at different temperatures {(RT, 20±3˚C), 10˚C and 
5˚C} before transfer to vase solutions {DW and SUC}. 
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EXPERIMENT 5.4 
Effect of pretreatment with cycloheximide (0.1 mM CHI, 1 h pulse) before and 
after 72 h postharvest wet storage (PHWS) and subsequent transfer to distilled 
water (DW); sucrose 0.1M+ 8-HQS 100 mg/l (SUC + HQS) and sucrose 0.1M 
+ 0.1mM CoCl2+ 8-HQS 100 mg/l (SUC + CoCl2+ HQS) on postharvest 
performance in Iris versicolor 
Experimental 
Uniform scapes of Iris versicolor growing in the University Botanic Garden 
were used for the study. The scapes were harvested at 1200 h with their oldest 
bud at 1 day before anthesis (i.e. pencil stage). The stage was carefully selected 
after preliminary trials on less mature and more mature developmental stages. 
The harvested scapes were immediately brought to the laboratory, defoliated 
and cut to a uniform length of 35 cm. The scapes were divided into 3 sets. One 
set of scapes was pulse treated with 0.1 mM CHI for 1 h prior to 72 h wet 
storage at 5
o
C. The other set of scapes was pulse treated with 0.1 mM CHI for 
1 h immediately after 72 h wet storage at 5
o
C. The third set of scapes was kept 
unpulsed and wet stored at 5
o
C for 72 h which represented control. After 72 h 
the scapes were kept at room temperature (22±2
o
C) before transferring them to 
250 ml Ehrlenmeyer flasks containing 200 ml of holding solutions (DW) or 
(SUC+HQS) or (SUC+CoCl2+HQS). For each treatment there were 5 
replicates represented by 5 flasks with each flask containing two scapes. The 
samples were kept under cool white fluorescent light with a mix of diffused 
natural light (10Wm
-2
) 12 h a day and a relative humidity (RH) of 60±10%. 
The day of transfer of scapes to holding solutions was designated as day zero 
(D0). The average vase life of the scapes was counted from the day of transfer 
of scapes to holding solutions and was assessed to be terminated when the last 
flower lost its display value (marked by color change and flaccidity of tepals). 
Number of blooms per scape, floral diameter and volume of holding solution 
absorbed were recorded on day 1, day 5 and day 8 of transfer to holding 
solutions. Fresh and dry mass was recorded at periodic intervals (day 2 and 5 of 
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transfer). Dry mass was determined by drying the material in an oven for 48 h 
at 70
o
C. Changes in tissue constituents including soluble proteins, protease 
activity, α-amino acids, phenolics, and sugar fractions were also estimated at 
day 2 and day 5 of transfer to holding solutions. The data has been analyzed 
statistically and LSD computed at P0.05 using MINITAB (v15.1.2-
EQUINOX_Softddl.net) software.  
Results 
Visible effects 
In all the treatments the scapes maintained their premature status during 72 h 
wet storage at 5
o
C (Plate 5.4.1, Fig. a-b). All the mature buds opened on the 
day 1 of transfer to holding solutions irrespective of the treatment. Flower 
senescence was characterized by the turgor loss in tepals and color change from 
blue to deep blue at the top and yellowish towards the base. The blue color of 
tepals was intense in scapes transferred to (SUC+CoCl2+HQS) or 
(SUC+CoCl2) as compared to the corresponding scapes transferred to (DW). 
However the flowers that bloomed later were lighter in color as compared to 
the flowers that bloomed earlier. The deleterious effects of cold storage 
including chilling injury, spike bending, tepal curling were not observed. 
Vase life 
Pretreatment of scapes with 0.1 mM CHI before and after 72 h wet storage at 
5
o
C was comparable to that of the corresponding unpulsed scapes transferred to 
(DW) or (SUC+HQS). However vase life registered an increment of about 2 
and 3 days in scapes pretreated with 0.1 mM CHI prior to storage and 
transferred to (SUC+HQS) and (SUC+CoCl2+HQS) respectively.  The vase life 
of scapes pretreated with cycloheximide before storage was approximately 7 
days in (DW), 8 days in (SUC+HQS) and 9 days in (SUC+CoCl2+HQS)  as 
compared to untreated scapes which showed a vase life of 6 days in (DW), 7 
days in both (SUC+HQS) and (SUC+CoCl2+HQS). The scapes pretreated with 
CHI after storage exhibited the longevity of 6 days in (DW), 7 days in both 
(SUC+HQS) and (SUC+CoCl2+HQS) (Table 5.4.1, Fig. 5.4.1). 
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Fresh and dry mass 
Pretreatment of scapes with 0.1 mM CHI before 72 h wet storage at 5
o
C 
resulted in increased fresh and dry mass of flowers as compared to that of 
unpulsed scapes (controls), while as the fresh and dry mass of samples from the 
scapes pretreated with 0.1mM CHI after 72 h storage was comparable to the 
that of unpulsed scapes (control). The fresh and dry mass of samples from 
scapes transferred to (SUC+HQS) and (SUC+CoCl2+HQS) was higher as 
compared to that of samples from scapes transferred to (DW) irrespective of 
the treatment. The untreated scapes transferred to (DW) as also the scapes 
pretreated with CHI before and after storage registered a increase in dry mass 
with the progression in time from day 2 to day 5 of transfer to holding 
solutions. The fresh mass of the samples of the scapes pretreated with CHI after 
storage and transferred to (SUC+HQS) and (SUC+CoCl2+HQS) increased with 
the progression in time from day 2 to day 5 (Table 5.4.1, Fig. 5.4.2, 5.4.3). 
Floral diameter 
Pretreatment of scapes with 0.1 mM CHI before and after 72 h wet storage at 
5
o
C resulted in increased floral diameter as compared to that of unpulsed 
scapes (controls). However the increase was more pronounced in samples from 
scapes pretreated with CHI before storage. Floral diameter was higher in 
samples from scapes transferred to (SUC+CoCl2+HQS) as compared to the 
samples from corresponding scapes transferred to (SUC+HQS) and (DW), 
irrespective of the treatment. The floral diameter registered an increase with the 
progression in time from day 1 to day 5 of transfer in samples from unpulsed 
scapes transferred to (DW) as also in samples from the scapes pretreated with 
CHI before and after storage (Table 5.4.2, Fig. 5.4.4).  
Number of blooms per scape 
Pretreatment of scapes with 0.1 mM CHI before and after 72 h wet storage at 
5
o
C resulted in sustained rate of blooming as compared to unpulsed scapes 
(controls). The number of blooms per scape registered an pronounced increase 
with the progression in time from day 1 to day 8 of transfer in samples from 
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unpulsed scapes transferred to (DW) as also in samples from the scapes 
pretreated with CHI before and after storage The number of blooms per scape 
was highest in samples pretreated with CHI before storage and transferred to 
(SUC+CoCl2+HQS) and (SUC+HQS) as compared to the samples from 
corresponding scapes transferred to DW (Table 5.4.2, Fig. 5.4.5). 
Volume of holding solution absorbed 
Pretreatment of scapes with 0.1 mM CHI before and after 72 h wet storage at 
5
o
C resulted in increased uptake of holding solution as compared to that of 
unpulsed scapes (controls). However the increase was more pronounced in 
samples from scapes pretreated with CHI before storage irrespective of the 
transfer to vase solutions. Volume of holding solution absorbed increased 
profoundly with the progression in time from day 1 to day 8 in all the 
treatments irrespective of the vase solution used. Maximum solution uptake 
was found in the samples from the scapes pretreated with 0.1 mM CHI before 
72 h wet storage at 5
o
C and transferred to (SUC+CoCl2+HQS) and DW on day 
8 (Table 5.4.2, Fig. 5.4.6). 
Soluble proteins 
A higher content of soluble proteins was maintained in samples from scapes 
pretreated with 0.1 mM CHI prior to wet storage at 5
o
C for 72 h as compared to 
the unpulsed scapes and scapes pretreated with CHI after storage. Soluble 
protein content was comparatively higher in samples from scapes transferred to 
(SUC+CoCl2+HQS) as compared to that of the samples from corresponding 
scapes transferred to (SUC+HQS) and DW, irrespective of the treatment. The 
soluble protein content registered a decrease in samples from scapes transferred 
to (DW) with the progression in time from day 2 to day 5 of transfer as 
compared to that of the samples from scapes transferred to (SUC+CoCl2+HQS) 
and (SUC+HQS) which registered an increase in the soluble protein content 
from day 2 to day 5 of transfer to holding solutions. However the increase was 
pronounced in samples from scapes pretreated with 0.1 mM CHI prior to 
storage and transferred to (SUC+CoCl2+HQS) (Table 5.4.3, Fig. 5.4.7). 
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Specific protease activity 
Specific protease activity (expressed as µg tyrosine equivalents liberated per 
mg protein) was lower in samples from scapes pretreated with 0.1 mM CHI 
before and after wet storage at 5
o
C for 72 h as compared to the unpulsed 
scapes. Specific protease activity was comparatively lower in samples from 
scapes transferred to (SUC+CoCl2+HQS) and (SUC+HQS) as compared to that 
of the samples from corresponding scapes transferred to DW, irrespective of 
the treatment. The Specific protease activity registered a sharp increase with 
the progression in time from day 2 to day 5 irrespective of the treatments. 
Maximum specific protease activity was observed in the samples from 
unpulsed scapes transferred to DW on day 2 (Table 5.4.3, Fig. 5.4.8). 
Total phenolics 
A lower content of total phenols was maintained in samples from scapes 
pretreated with 0.1 mM CHI before and after wet storage at 5
o
C for 72 h as 
compared to the unpulsed scapes. Total phenolics content was comparatively 
lower in samples from scapes transferred to (SUC+CoCl2+HQS) and 
(SUC+HQS) as compared to that of the samples from corresponding scapes 
transferred to DW, irrespective of the treatment. The total phenolics content 
registered an increase with the progression in time from day 2 to day 5 of 
transfer irrespective of the vase solution and CHI treatment. Lowest total 
phenolic content was registered in samples from the pretreated scapes with 0.1 
mM CHI before 72 h wet storage at 5
o
C and transferred to (SUC+HQS) on day 
2. Maximum total phenolics content was registered in the samples from 
unpulsed scapes and transferred to DW on day 5 (Table 5.4.3, Fig. 5.4.9). 
α- amino acids 
A lower content of α- amino acids was maintained in samples from scapes 
pretreated with 0.1 mM CHI before and after wet storage at 5
o
C for 72 h as 
compared to the samples from unpulsed scapes. The α-amino acid content was 
comparatively lower in samples from scapes transferred to (SUC+CoCl2+HQS) 
and (SUC+HQS) as compared to that of the samples from corresponding 
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scapes transferred to DW, irrespective of the treatment. The α- amino acids 
content registered an increase with the progression in time from day 2 to day 5 
of transfer irrespective of the vase solution and CHI treatment. Lowest α- 
amino acid content was registered in the pretreated scapes with 0.1 mM CHI 
before 72 h wet storage at 5
o
C and transferred to (SUC+HQS) on day 2. 
Maximum α- amino acid content was registered in the samples from unpulsed 
scapes and transferred to DW on day 5 (Table 5.4.3, Fig. 5.4.10). 
Reducing sugars 
A higher tissue content of reducing sugars was maintained in samples from 
scapes pretreated with 0.1 mM CHI before and after wet storage at 5
o
C for 72 h 
as compared to the samples from unpulsed scapes irrespective of the vase 
solution used. The reducing sugar content was comparatively higher in samples 
from scapes transferred to (SUC+CoCl2+HQS) and (SUC+HQS) as compared 
to that of the samples from corresponding scapes transferred to DW, 
irrespective of the treatment. The reducing sugar content registered a 
significant decrease with the progression in time from day 2 to day 5 of transfer 
irrespective of the vase solution and CHI treatment. Maximum reducing sugar 
content was registered in the samples from scapes pretreated with CHI before 
72 h storage at 5
o
C and transferred to (SUC+HQS) on day 2 (Table 5.4.4, Fig. 
5.4.11). 
Non-reducing sugars 
A higher tissue content of non-reducing sugars was maintained in samples from 
scapes pretreated with 0.1 mM CHI before and after wet storage at 5
o
C for 72 h 
as compared to the unpulsed scapes irrespective of the vase solution used. The 
non-reducing sugar content was comparatively higher in samples from scapes 
transferred to (SUC+CoCl2+HQS) and (SUC+HQS) as compared to that of the 
samples from corresponding scapes transferred to DW, irrespective of the 
treatment. The non-reducing sugar content registered a significant increase with 
the progression in time from day 2 to day 5 of transfer irrespective of the vase 
solution and CHI treatment. Maximum non-reducing sugar content was 
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registered in the samples from scapes pretreated with CHI before 72 h storage 
at 5
o
C and transferred to (SUC+HQS) on day 5 (Table 5.4.4, Fig. 5.4.12). 
Total sugars 
A higher content of total sugars was maintained in samples from scapes 
pretreated with 0.1 mM CHI before and after wet storage at 5
o
C for 72 h as 
compared to the unpulsed scapes irrespective of the vase solution used. The 
total sugar content was comparatively higher in samples from scapes 
transferred to (SUC+CoCl2+HQS) as compared to that of the samples from 
corresponding scapes transferred to DW and (SUC+HQS), irrespective of the 
CHI treatment. The total sugar content registered a significant decrease with 
the progression in time from day 2 to day 5 of transfer irrespective of the vase 
solution and CHI treatment. Maximum total sugar content was registered in the 
samples from scapes pretreated with CHI before 72 h storage at 5
o
C and 
transferred to (SUC+HQS) on day 2 (Table 5.4.4, Fig. 5.4.13). 
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Table 5.4.1: Effect of pretreatment with cycloheximide (0.1 mM CHI, 1h 
pulse) before and after 72 h postharvest wet storage (PHWS) and subsequent 
transfer to distilled water (DW); sucrose 0.1M+ 8-HQS 100 mg/l (SUC + 8-
HQS) and sucrose 0.1M + 0.1mM CoCl2+ 8-HQS 100 mg/l (SUC + CoCl2+ 8-
HQS) on vase life, fresh and dry mass of flowers on day 2 & 5 of transfer in 
Iris versicolor L.  
 
Treatments 
 
Vase life 
(days) 
Days of transfer 
Fresh mass (g) Dry mass (g) 
D2 D5 D2 D5 
Set A (DW) 
Control 
CHI (BWS) 
CHI (AWS) 
6.33 
7.37 
6.63 
2.46 
2.50 
2.42 
2.31 
2.42 
2.37 
0.265 
0.266 
0.281 
0.291 
0.282 
0.290 
Set B (SUC+HQS) 
Control 
CHI (BWS) 
CHI (AWS) 
7.12 
8.12 
7.72 
2.71 
2.73 
2.87 
2.56 
2.74 
2.95 
0.283 
0.301 
0.321 
0.312 
0.319 
0.329 
Set C (SUC+CoCl2+HQS) 
Control 
CHI (BWS) 
CHI (AWS) 
7.12 
9.43 
7.72 
2.57 
2.69 
2.68 
2.51 
2.73 
2.77 
0.295 
0.297 
0.311 
0.276 
0.310 
0.321 
LSD at P0.05 0.31 0.003 0.002 0.003 0.001 
Each value is the mean of 6 independent replicates.  
Room temperature = 22±2˚C  
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Table 5.4.2: Effect of pretreatment with cycloheximide (0.1 mM CHI, 1h 
pulse) before and after 72 h postharvest wet storage (PHWS) and subsequent 
transfer to distilled water (DW); sucrose 0.1M+ 8-HQS 100 mg/l (SUC + 8-
HQS) and sucrose 0.1M + 0.1mM CoCl2+ 8-HQS 100 mg/l (SUC + CoCl2+ 8-
HQS) on floral diameter,  number of blooms per scape and holding solution on 
day 1,  5 & 8 of transfer in Iris versicolor L.  
Each value is the mean of 6 independent replicates.  
The values in the parentheses represent percent blooms  
Room temperature = 20±2˚C  
 
 
Treatments 
Days of transfer 
Floral diameter 
(cm) 
Number of blooms 
per scape 
Holding solution 
absorbed per 
scape  (ml) 
D1 D5 D8 D1 D5 D8 D1 D5 D8 
Set A (DW) 
Control 
 
CHI (BWS) 
 
CHI (AWS) 
10.6 
 
12 
 
11.33 
11.2 
 
12.5 
 
11.8 
- 
 
- 
 
- 
 
1.0 
(46) 
0.83 
(50) 
1.0 
(46) 
1.8 
(85) 
1.8 
(84) 
1.8 
(85) 
2.13 
(100) 
2.30 
(100) 
2.13 
(100) 
3.6 
 
4.9 
 
4.1 
12.5 
 
14.4 
 
12.2 
17.5 
 
26.7 
 
22.3 
Set B (SUC+HQS) 
Control 
 
CHI (BWS) 
 
CHI (AWS) 
 
11.0 
 
13.2 
 
11.8 
11.7 
 
14.2 
 
12.3 
 
- 
 
13.7 
 
- 
1.0 
(46) 
1.0 
(54) 
1 
(46) 
1.5 
(80) 
1.3 
(77) 
1.3 
(77) 
2.17 
(100) 
2.50 
(100) 
2.17 
(100) 
3.2 
 
3.9 
 
3.9 
9.1 
 
14.2 
 
11.8 
12.3 
 
25.5 
 
20.2 
Set C (SUC+CoCl2+HQS) 
Control 
 
CHI (BWS) 
 
CHI (AWS) 
 
11.5 
 
14.5 
 
12.5 
10.9 
 
15.7 
 
13.3 
- 
 
14.9 
 
- 
1.0 
(46) 
1.0 
(54) 
1 
(46) 
1.5 
(80) 
1.3 
(77) 
1.3 
(77) 
2.17 
(100) 
2.50 
(100) 
2.17 
(100) 
3.2 
 
3.7 
 
3.7 
9.3 
 
14.0 
 
11.0 
12.0 
 
26.5 
 
21.7 
LSD at P0.05 0.21 0.13  0.004 0.001 0.003 0.02 0.13 0.57 
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Table 5.4.3: Effect of pretreatment with cycloheximide (0.1 mM CHI, 1h 
pulse) before and after 72 h postharvest wet storage (PHWS) and subsequent 
transfer to distilled water (DW); sucrose 0.1M+ 8-HQS 100 mg/l (SUC + HQS) 
and sucrose 0.1M + 0.1mM CoCl2+ 8-HQS 100 mg/l (SUC + CoCl2+ HQS) on 
soluble proteins, protease activity, total phenols at day 2 & 5 of transfer in Iris 
versicolor L.  
 
Treatments 
Days of transfer 
Soluble 
proteins 
(mg/g fm) 
Protease 
activity 
Total phenols 
(mg/g fm) 
α-amino acids 
(mg/g fm) 
D2 D5 D2 D5 D2 D5 D2 D5 
Set A (DW) 
Control 
 
CHI (BWS) 
 
CHI (AWS) 
1.2 
 
1.84 
 
1.3 
1.02 
 
1.5 
 
1.28 
4.15 
(266) 
3.89 
(211) 
3.89 
(237) 
7.39 
(577) 
6.31 
(454) 
6.27 
(490) 
1.86 
 
1.86 
 
1.60 
2.69 
 
2.58 
 
2.09 
2.59 
 
6.38 
 
5.27 
9.67 
 
8.52 
 
7.69 
Set B (SUC+HQS) 
Control 
 
CHI (BWS) 
 
CHI (AWS) 
1.2 
 
2.3 
 
1.6 
1.32 
 
2.5 
 
1.72 
3.24 
(231) 
3.43 
(277) 
3.31 
(266) 
4.95 
(305) 
4.32 
(311) 
4.25 
(227) 
1.53 
 
0.73 
 
1.2 
2.03 
 
1.23 
 
1.57 
3.77 
 
3.03 
 
3.31 
4.20 
 
4.27 
 
4.31 
 
Set C (SUC+CoCl2+HQS) 
Control 
 
CHI (BWS) 
 
CHI (AWS) 
 
1.83 
 
2.9 
 
2.02 
1.91 
 
3.3 
 
2.43 
4.21 
(351) 
3.57 
(425) 
3.83 
(299) 
5.07 
(461) 
4.91 
(372) 
4.23 
(292) 
1.67 
 
1.33 
 
1.44 
2.35 
 
1.62 
 
1.79 
3.79 
 
4.37 
 
4.65 
5.96 
 
4.32 
 
4.62 
 
LSD at P0.05 0.03 0.07 0.011 0.037 0.011 0.013 0.07 0.09 
Each value is the mean of 6 independent replicates.  
Figures in the parentheses represent specific protease activity (µg tyrosine 
equivalents liberated per mg protein)  
Room temperature= 22±2˚C  
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Table 5.4.4: Effect of pretreatment with cycloheximide (0.1 mM CHI, 1h 
pulse) before and after 72 h postharvest wet storage (PHWS) and subsequent 
transfer to distilled water (DW); sucrose 0.1M+ 8-HQS 100 mg/l (SUC + 8-
HQS) and sucrose 0.1M + 0.1mM CoCl2+ 8-HQS 100 mg/l (SUC + CoCl2+ 8-
HQS) on reducing sugars, non-reducing sugars & total sugars on day 2 & 5 of 
transfer in Iris versicolor L.  
 
Treatments 
Days of transfer 
Reducing sugars 
(mg/g fm) 
Non-reducing 
sugars (mg/g fm) 
Total sugars   (mg/g 
fm) 
D2 D5 D2 D5 D2 D5 
Set A (DW) 
Control 
CHI (BWS) 
CHI (AWS) 
8.03 
11.78 
9.64 
6.21 
5.71 
5.54 
2.68 
3.75 
3.22 
2.42 
4.02 
3.67 
10.71 
15.53 
12.86 
8.63 
9.73 
9.21 
Set B (SUC+HQS) 
Control 
CHI (BWS) 
CHI (AWS) 
12.86 
15.53 
13.93 
10.02 
11.34 
10.26 
3.75 
4.83 
4.28 
3.65 
5.97 
4.72 
16.61 
20.36 
18.21 
13.67 
17.31 
14.98 
Set C (SUC+CoCl2+HQS) 
Control 
CHI (BWS) 
CHI (AWS) 
12.32 
14.46 
12.86 
9.53 
9.20 
7.34 
2.41 
2.15 
2.67 
2.52 
3.92 
3.73 
14.73 
16.61 
15.53 
12.05 
13.12 
11.07 
LSD at P0.05 0.58 0.19 0.071 0.057 0.31 0.17 
Each value is the mean of 6 independent replicates.  
Room temperature= 22±2˚C  
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Fig. 5.4.1                                                         Fig. 5.4.2 
 
 
 
 
Fig. 5.4.3                                                 Fig. 5.4.4 
Fig. 5.4.1- 5.4.4: Effect of pretreatment with cycloheximide (0.1 mM CHI, 1h 
pulse) before and after 72 h postharvest wet storage (PHWS) and subsequent 
transfer to distilled water (DW); sucrose 0.1M+ 8-HQS 100 mg/l (SUC + 8-
HQS) and sucrose 0.1M + 0.1mM CoCl2+ 8-HQS 100 mg/l (SUC + CoCl2+ 8-
HQS) on vase life, fresh mass, dry mass and floral diameter in Iris versicolor 
L. 
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Fig. 5.4.5                                                        Fig. 5.4.6   
 
 
 
Fig. 5.4.7                                                         Fig. 5.4.8 
Fig. 5.2.5- 5.2.8: Effect of pretreatment with cycloheximide (0.1 mM CHI, 1h 
pulse) before and after 72 h postharvest wet storage (PHWS) and subsequent 
transfer to distilled water (DW); sucrose 0.1M+ 8-HQS 100 mg/l (SUC + 8-
HQS) and sucrose 0.1M + 0.1mM CoCl2+ 8-HQS 100 mg/l (SUC + CoCl2+ 8-
HQS) on no. of blooms per scape,  volume of holding solution absorbed per 
scape, soluble proteins and specific protease activity in Iris versicolor L. 
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Fig. 5.4.9                                                Fig. 5.4.10 
 
 
 
 
 
Fig. 5.4.11                                                         Fig. 5.4.12 
Fig. 5.4.9- 5.4.12:  Effect of pretreatment with cycloheximide (0.1 mM CHI, 
1h pulse) before and after 72 h postharvest wet storage (PHWS) and 
subsequent transfer to distilled water (DW); sucrose 0.1M+ 8-HQS 100 mg/l 
(SUC + 8-HQS) and sucrose 0.1M + 0.1mM CoCl2+ 8-HQS 100 mg/l (SUC + 
CoCl2+ 8-HQS) on total phenols, α-amino acids, reducing sugars and non-
reducing sugars in Iris versicolor L. 
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Fig. 5.4.13 
Fig. 5.4.13: Effect of pretreatment with cycloheximide (0.1 mM CHI, 1h pulse) 
before and after 72 h postharvest wet storage (PHWS) and subsequent transfer 
to distilled water (DW); sucrose 0.1M+ 8-HQS 100 mg/l (SUC + 8-HQS) and 
sucrose 0.1M + 0.1mM CoCl2+ 8-HQS 100 mg/l (SUC + CoCl2+ 8-HQS) on 
total sugars in Iris versicolor L. 
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Plate 5.4.1 
 
 
 
 
 
 
 
 
Fig. a 
 
 
 
 
 
Fig. b 
CONTROL                  CHIPre                    CHIPost 
            CONTROL     CHIPre         CHIPost 
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Plate 5.4.1 
Effect of pretreatment with cycloheximide (0.1 mM CHI, 1 h pulse) 
before and after 72 h postharvest wet storage (PHWS) before 
transfer to distilled water (DW); sucrose 0.1M+ 8-HQS 100 mg/l 
(SUC + 8-HQS) and sucrose 0.1M + 0.1mM CoCl2+ 8-HQS 100 mg/l 
(SUC + CoCl2+ 8-HQS) on postharvest performance of Iris versicolor 
Fig. (a): From left to right are arranged scapes before wet storage for 
72 h.  
Fig. (b): From left to right are arranged scapes after wet storage for 
72 h.  
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Plate 5.4.2 
 
 
 
 
 
 
        CONTROL                       CHIPre                               CHIPost 
        CONTROL                       CHIPre                               CHIPost 
CONTROL                       CHIPre                               CHIPost 
I       II      III                  I         II        III                I         II       III 
Fig. a 
 
 
 
 
Fig. b 
 
 
 
 
 
Fig. c 
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Plate 5.4.2 
Effect of pretreatment with cycloheximide (0.1 mM CHI, 1 h pulse) 
before and after 72 h postharvest wet storage (PHWS) at 5
o
C before 
transfer to distilled water (DW); sucrose 0.1M + 8-HQS 100 mg/l -
(SUC + 8-HQS); sucrose 0.1M+0.1mM CoCl2+ 8-HQS 100 mg/l (SUC 
+ CoCl2+ 8-HQS) on day 1 of transfer (Fig. a), day 4 of transfer (Fig. 
b) and day 8 of transfer (Fig. c). 
From left to right, I are arranged the scapes transferred to DW; II 
are arranged the scapes transferred to SUC + 8-HQS and III are 
arranged the scapes transferred to (SUC + CoCl2+ 8-HQS). 
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CHAPTER- 6 
Flower senescence and chemical regulation of vase 
life in Iris germanica 
 
Iris germanica in full bloom in the month of June 
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Iris germanica L. 
Botanical name:                                        Iris germanica L. 
Common name:                                        Mazarmund 
English name:                                           German iris, Blue Flag iris 
Family:                                                      Iridaceae 
Flowering period:                                      April- June 
Plant height:                                              90-120 cm 
Number of tepals:                                      6 (3+3) 
Number of stamens:                                   3 
Number of carpels:                                    3 
Fruit:                                                         Capsule 
Flower longevity:                                      2 days 
Symptoms and pattern of senescence:         
 
 
 
 
 
 
 
 
The flower senescence in Iris 
germanica is marked by the loss of 
tepal turgidity, water soaking of 
tepals followed by inward rolling of 
tepal tips.  The pale blue tepals turn 
deep blue at the top and yellowish 
towards the base during senescence. 
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EXPERIMENT 6.1 
Physiological and biochemical changes associated with flower development 
and senescence in Iris germanica- Blue flag Iris 
Experimental 
Flowers of Iris germanica growing in Kashmir University Botanic Garden 
(KUBG) were selected for the present study. Flower development and 
senescence was divided into six stages (I-VI). These stages were deciphered as 
tight bud stage, mature bud stage, pencil stage, fully open stage, partially 
senescent stage and senescent stage (Plate 6.1.1). Visible changes were 
recorded throughout flower development and senescence. Floral diameter, fresh 
and dry mass of the tepals was determined at each stage. 
For the estimation of tissue constituents from tepal tissues, 1g chopped material 
was fixed in hot 80% ethanol at each stage of flower development and 
senescence. The material was macerated and centrifuged three times. The 
supernatants were pooled and used for the estimation of reducing sugars, non-
reducing sugars, total sugars, α-amino acids and total phenols from the suitable 
aliquots. Non- reducing sugars were calculated as the difference between total 
and reducing sugars. Soluble proteins were extracted from 1g of tepal tissue 
drawn separately from five different flowers at each of the five stages. Protease 
activity has been expressed as µg tyrosine equivalents liberated per 100mg 
fresh mass, besides specific protease activity has been computed as µg tyrosine 
liberated per mg protein. At each stage the homogenates from the tepal tissues 
were used for studying electrophoretic profiles of proteins by SDS-PAGE. The 
tissue was homogenized in 0.1M phosphate buffer (pH=7.2). 80µl of aliquot 
was loaded in each lane. Each value represented in the tables corresponds to the 
mean of five to ten independent replicates. The data has been analyzed 
statistically by computing standard deviation. 
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Results 
Visible changes 
The flower senescence in Iris germanica is marked by the loss of tepal 
turgidity, water soaking of tepals followed by inrolling of tepal tips.  The 
greenish buds open into light blue flowers. The light blue tepals turn deep blue 
during senescence (plate 6.1.1). The average life span of an individual flower 
after it opens fully is 2 days. 
Floral diameter 
Flower diameter increased as the flower development progressed to Stage IV 
and thereafter showed a constant decrease upto stage VI (Table 6.1.1, Fig. 
6.1.1). 
Fresh mass, dry mass and water content of flowers 
Fresh and dry mass increased with flower development upto Stage IV and 
declined thereafter as the flower senescence progressed. Water content showed 
a constant increase upto stage IV and a decline at stage V and VI (Table 6.1.1, 
Fig 6.1.2, 6.1.3, 6.1.4). 
Soluble proteins 
The concentration of soluble proteins showed a consistent decrease upto stage 
III and thereafter a constant increase was observed upto stage VI. However, 
when the data was expressed on per flower basis, a consistent increase was 
registered in the soluble protein content as the flower development progressed 
through stages I to IV followed by a decline as the flower senescence 
progressed through stages V and VI (Table 6.1.2, Fig 6.1.5). 
Protease activity 
The specific protease activity (expressed as µg tyrosine equivalents per mg 
protein) decreased during flower development from stages I to III and showed a 
slight increase at stage IV but a steep increase was registered as the flower 
senescence progressed through stages V and VI (Table 6.1.2, Fig. 6.1.6). 
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α- amino acids 
The α-amino acid content showed a consistent increase upto stage V and a 
decrease thereafter at stage VI. Same trend was followed when the data was 
expressed on per flower basis (Table 6.1.2, Fig 6.1.7) 
Total phenols 
The concentration of total phenols decreased consistently from stage I to IV 
and afterward a sharp increase was observed as the flowers progressed towards 
senescence through stages V and VI. However, when the data was expressed on 
per flower basis, the tissue concentration of phenols increased from stage I to 
stage II and then remained more or less constant as the flower development 
progressed through various stages of senescence (Table 6.1.2, Fig 6.1.8). 
Reducing Sugars 
The concentration of reducing sugars increased as the flower development 
progressed upto stage IV followed by a decline thereafter as the senescence 
progressed through stages V and VI. The differences in the trend became more 
apparent when the data was expressed on per flower basis (Table 6.1.3, Fig. 6.1.9). 
Non-reducing sugars 
The tissue concentration of non-reducing sugars decreased from stage I to II 
and was more or less maintained as the flower development progressed to 
senescence from stage IV to VI. However, when the data was expressed on per 
flower basis the non- reducing sugar content showed a consistent increase from 
stage I to III and decreased thereafter as the flower development progressed 
through various stages of senescence (Table 6.1.3, Fig. 6.1.10). 
Total sugars 
The tissue concentration of total sugars was found to be more or less constant 
upto stage IV followed by a decline as the flower development and senescence 
progressed through stages V and VI. On per flower basis, a consistent increase 
was observed in the trend upto stage IV followed by a decline thereafter (Table 
6.1.3, Fig 6.1.11). 
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Table 6.1.1: Floral diameter, fresh mass, dry mass and water content during 
development and senescence in flowers of Iris germanica. 
Stages of flower 
development 
Flower 
diameter 
(cm) 
Fresh mass 
(g flower
-1
) 
Dry mass 
(g flower
-1
) 
Water             
content 
(g flower
-1
) 
I 
(tight bud stage) 
1.06±0.03 1.246±0.17 0.150±0.02 1.096±0.1 
II 
(mature bud stage) 
1.42±0.05 3.721±0.12 0.317±0.07 3.404±0.12 
III 
(pencil stage) 
1.82±0.08 5.497±0.29 0.435±0.05 5.062±0.28 
IV 
(fully open stage) 
8.5±0.12 6.126±0.21 0.479±0.04 5.647±0.21 
V 
(partially senescent 
stage) 
2.64±0.07 4.476±0.09 0.375±0.06 4.101±0.07 
VI 
(senescent stage) 
0.88±0.01 2.386±0.07 0.280±0.01 2.106±0.12 
Each value is a mean of 6 independent replicates ± SD. 
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Table 6.1.2: Soluble proteins, α-amino acids, phenols (expressed as mg g-1 
fresh mass) and specific protease activity (expressed as µg tyrosine equivalents 
liberated per mg protein) during development and senescence in flowers of Iris 
germanica. 
Stages of flower 
development 
Soluble 
proteins 
Protease 
activity 
α- amino 
acids 
Total 
phenols 
I 
(tight bud stage) 
3.493±0.27 
(4.352) 
1.29±0.2 
*(371) 
9.242±0.04 
(11.515) 
8.055±0.2 
(10.04) 
II 
(mature bud 
stage) 
3.20±0.3 
(11.907) 
0.61±0.05 
*(192) 
9.514±0.09 
(35.402) 
5.416±0.32 
(20.15) 
III 
(pencil stage) 
2.613±0.09 
(14.363) 
0.58±0.03 
*(223) 
10.269±0.12 
(56.448) 
4.49±0.51 
(24.68) 
IV 
(fully open stage) 
2.986±0.32 
(18.292) 
0.61 ±0.06 
*(206) 
11.296±0.05 
(69.199) 
3.33±0.21 
(20.4) 
V 
(partially 
senescent stage) 
3.33±0.21 
(14.90) 
1.1 ±0.09 
*(330) 
15.952±0.23 
(71.407) 
7.08±0.17 
(31.7) 
VI 
(senescent stage) 
3.92±0.34 
(9.353) 
1.7 ±0.12 
*(430) 
10.885±0.21 
(25.971) 
8.52±0.11 
(20.32) 
Each value is a mean of 6 independent replicates ± SD. 
Figures in the parentheses represent values on per flower basis. 
Figures in *parentheses represent values on µg tyrosine liberated per 100 mg 
fresh mass basis. 
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Table 6.1.3: Reducing sugars, non-reducing sugars, and total sugars (expressed 
as mg g
-1
 fresh mass) during development and senescence in flowers of Iris 
germanica. 
Stages of flower 
development 
Reducing 
sugars 
Non-reducing 
sugars 
Total sugars 
I 
(tight bud stage) 
32.737±2.9 
(40.79) 
27.53±1.2 
(34.3) 
60.27±3.9 
(75.09) 
II 
(mature bud stage) 
46.13±3.7 
(171.65) 
16.37±0.3 
(60.9) 
62.5±2.3 
(232.56) 
III 
(pencil stage) 
49.11±0.9 
(269.94) 
17.11±0.4 
(66.71) 
66.22±3.1 
(364.11) 
IV 
(fully open stage) 
54.32±3.3 
(332.733) 
10.41±0.2 
(63.82) 
64.73±1.1 
(396.55) 
V 
(partially senescent 
stage) 
32.74±1.5 
(146.54) 
11.9±0.7 
(53.29) 
44.64±5.1 
(199.82) 
VI 
(senescent stage) 
16.37±2.1 
(39.06) 
9.67±0.1 
(23.08) 
26.04±2.0 
(62.13) 
Each value is a mean of 6 independent replicates ± SD. 
Figures in the parentheses represent values on per flower basis. 
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                         Fig. 6.1.1                                            Fig. 6.1.2 
 
 
                          Fig. 6.1.3                                            Fig. 6.1.4 
 
Fig. 6.1.1- 6.1.4: Changes in floral diameter, fresh and dry mass and water 
content of flowers at various stages of floral development and senescence in 
Iris germanica. 
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                       Fig. 6.1.5                                                Fig. 6.1.6 
 
 
                        Fig. 6.1.7                                            Fig. 6.1.8 
 
Fig. 6.1.5-6.1.8: Changes in soluble proteins, specific protease activity, α- 
amino acids and total phenols at various stages of flower development and 
senescence in Iris germanica. 
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Fig. 6.1.9                                            Fig. 6.1.10 
 
 
         Fig. 6.1.11 
Fig. 6.1.9-6.1.11: Changes in reducing sugars, non-reducing sugars and total 
sugars at various stages of flower development and senescence in Iris 
germanica. 
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Fig. a: Stages of flower development and senescence in Iris germanica 
 
 
 
Fig. b: Electrophoretogram of stages of flower development and 
senescence 
Plate 6.1.1 
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Plate 6.1.1 
Fig. a: Stages of flower development and senescence in Iris 
germanica; stages (I to VI) in the figure represent; I (Tight bud 
stage), II (Mature bud stage), III (Pencil stage), IV (Fully open stage), 
V (Partially senescent stage), VI (Senescent stage). 
Fig. b: SDS-PAGE of equal amounts of extractable protein at various 
stages (I to VI) of flower development and senescence from tepal 
tissues of Iris germanica. The gel was stained coomassie blue. 
Numbers above lanes correspond to developmental stages. Molecular 
weight standards are indicated on the left (kDa) and the ca molecular 
weights of major polypeptides to the right of the gel (kDa) 
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EXPERIMENT -6.2 
Effect of postharvest dry storage (PHDS) at different temperatures {5, 10 
and RT (20±2
o
C)} for 72 h and subsequent transfer to vase solutions 
{distilled water (DW) and sucrose (SUC)} on postharvest performance of 
cut scapes of Iris germanica. 
Experimental 
Uniform and healthy scapes of Iris germanica growing in the Kashmir 
University Botanic garden (KUBG) were used for this study. The buds were 
harvested at 1200 h with their oldest bud at 1 day before anthesis (pencil stage). 
The harvested scapes were immediately brought to the laboratory, cut to a 
uniform length of 35 cms. The scapes were wrapped in moistened filter papers, 
packed in perforated polyethylene flower sleeves (40 cm long and 15 cm wide 
top) and kept at 5 and 10
o
C. A separate set of scapes was kept at room 
temperature (20±2
o
C). After 72 h the scapes were kept at room temperature 
after transferring them to 250 ml Ehrlenmeyer flasks containing 200 ml of vase 
solution {Distilled water (DW) and Sucrose (SUC) 0.1 M}. Each treatment was 
represented by 5 replicates (flasks) with each flask containing two scapes. The 
day of transfer of scapes to vase solutions (DW and SUC) was designated as 
day zero. The average vase life of scapes was counted from the day of transfer 
of scapes to holding solution and was regarded to be terminated when the last 
flower had lost its display value (marked by color change and flaccidity of 
tepals). Visual changes were observed at periodic intervals. Floral diameter, 
volume of holding solution absorbed and number of blooms was estimated on 
day 1, 4, 8 and 11. Fresh mass and dry mass was estimated on day 1, 4 and 8. 
Conductivity of leachates (µS) from tepal discs of flowers was recorded on day 
1 and day 4 of transfer of flowers to vase solutions. Changes in tissue 
constituents including soluble proteins, α- amino acids, phenolics and sugar 
fractions were estimated at day 1 and day 4 of transfer of scapes to vase 
solution (DW and SUC). The data has been expressed both on fresh mass and 
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per flower basis. The results have been analyzed statistically and LSD 
computed at P0.05 using MINITAB (v15.1.2-EQUINOX_Softddl.net) software. 
Results 
The scapes dry stored for 72 h at 5 and 10°C maintained their premature status 
during storage. But the scapes kept at 5°C appeared fresh as compared to 
scapes kept at 10°C. However the oldest flower buds on scapes dry stored at 
room temperature (20±2°C) were aborted and appeared water soaked (Plate 
6.2.1, Fig. a-b). All the buds at (1 day before anthesis) on the scapes previously 
stored at 5 and 10°C opened up on D1 after the transfer to vase solution. 
However some of the IInd and IIIrd buds on the scapes previously kept at RT 
(20±2°C) opened up on D1 after the transfer of scapes to vase solutions. (Plate 
6.2.2, Fig a, b and c) Flower senescence was characterized by the initiation of 
tepal inrolling followed by water soaking of tepals and color change from light 
blue to deep blue at the top and yellowish towards the base. Flower senescence 
was observed to be same as was the case under field conditions. 
Vase life 
The vase life of scapes previously dry stored at RT (20±2°C) and transferred to 
DW (Control) was 2 days, while as the vase life of scapes previously dry stored 
at 10 and 5°C before transfer to DW (vase solution) increased by 
approximately 3 and 6 days respectively. However, when the previously dry 
stored scapes at RT (20±2°C), 10°C and 5°C were transferred to SUC, the vase 
life increased by approximately 1, 3 and 8 days respectively than the control 
(RT-DW). Vase life was highest (i.e. 8 days) in the scapes previously dry 
stored at 5°C for 72h and transferred to SUC (Table 6.2.1; Fig. 6.2.1). 
Fresh and dry mass 
The fresh and dry mass of flowers from scapes previously dry stored for 72h at 
10 and 5°C registered an increase as compared to the flowers from the 
corresponding scapes held at RT (20±2°C) irrespective of the holding solution. 
However, almost at each of the temperature regimes both fresh and dry mass 
was found to be higher in the flowers from scapes held in SUC as compared to 
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the flowers from the corresponding scapes held in DW. The fresh and dry mass 
decreased significantly with the progression from day 1 to day 4 of the transfer 
of scapes irrespective of the holding solution used. Maximum value of fresh 
and dry mass was recorded in the flowers from scapes previously dry stored at 
5°C for 72h and transferred to SUC on day 1 (Table 6.2.1, Fig. 6.2.2 & 6.2.3). 
Floral diameter 
The floral diameter of flowers previously dry stored at 10 and 5°C showed 
higher floral diameter as compared to the flowers from the corresponding 
scapes held at RT (20±2°C) irrespective of the holding solution. Floral 
diameter registered a decrease with the progression in time from day 1 to day 8. 
Floral diameter was maximum in the flowers from the scapes previously dry 
stored at 5°C for 72h and transferred to DW on day 1 (Table 6.2.2, Fig. 6.2.4). 
Volume of holding solution absorbed 
The volume of holding solution absorbed increased with progression in time 
from day 1 to day 11 of the transfer of scapes to various vase solutions 
irrespective of the particular temperature regime and holding solution. The 
solution uptake was significantly higher in scapes previously dry stored for 72h 
at 5°C as compared to the corresponding scapes held at RT and10°C 
irrespective of the holding solution. The maximum solution uptake was noticed 
in the scapes previously dry stored at 5°C for 72h and transferred to SUC on 
day 11 (Table 6.2.2, Fig. 6.2.5). 
Number of blooms per scape 
The number of blooms as also the percent blooming increased with progression 
in time from day 1 to day 11 of the transfer of scapes to various holding 
solutions irrespective of the particular temperature regime and holding solution. 
Scapes previously dry stored at 5°C exhibited 100% blooming by day 11 
irrespective of nature of holding solution. However, at each of the temperature 
regimes the number of blooms as also the percent blooming was found to be 
higher in the scapes held in SUC as compared to corresponding scapes held in 
DW. Complete and sustained blooming was exhibited in scapes previously dry 
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stored at 5°C by day 11 irrespective of the holding solution used (Table 6.2.2, 
Fig. 6.2.6). 
Soluble proteins 
The soluble protein content of the samples from scapes previously dry stored at 
10 and 5°C for 72h registered a significant decrease as compared to the 
samples from corresponding scapes held at RT irrespective of the transfer to 
various holding solutions on day 1. However, at each of the temperature 
regimes the soluble protein content was found to be higher in the scapes held in 
SUC as compared to corresponding scapes held in DW. The soluble protein 
content increased with the progression from day 1 to day 4 of the transfer of 
scapes irrespective of the holding solution used. Maximum protein content was 
found in the samples previously dry stored at 5°C for 72h and transferred to 
SUC on day 4 (Table 6.2.3, Fig. 6.2.7). 
α- amino acids 
The α- amino acid content of the samples from the scapes previously dry stored 
at 10 and 5°C for 72h registered a significant increase as compared to the 
samples from the corresponding scapes held at RT irrespective of the nature of 
holding solution. The α-amino content increased profoundly with the 
progression in time from day 1 to day 4 of the transfer of scapes irrespective of 
the holding solution used. However, at each of the temperature regimes the α- 
amino acid content was found to be higher in the scapes held in DW as 
compared to corresponding scapes held in SUC. The lowest α- amino acid 
content was noticed in the samples of the scapes previously dry stored at RT 
and transferred to DW on day 1 (Table 6.2.3, Fig. 6.2.8). 
Total phenolics 
A significantly lower phenolic content was usually maintained in the samples 
of the scapes previously dry stored at 10 and 5°C for 72h as compared to the 
samples from the corresponding scapes held at RT. At each of the particular 
temperature regimes the phenolic content of the samples was more in scapes 
held in DW as compared to corresponding scapes held in SUC. The total 
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phenolic content increased with the progression in time from day 1 to day 4 
irrespective of the holding solution used. The maximum phenolic content was 
noticed in the samples of the scapes previously dry stored at RT and transferred 
to DW on day 1 (Table 6.2.3, Fig. 6.2.9). 
Conductivity of leachates 
The electrical conductivity of leachates estimated as ion leakage of tepal discs 
(µS) registered a sharp decrease in samples previously dry stored for 72h at 10 
and 5°C as compared to the corresponding samples from the scapes held at RT 
irrespective of the holding solution. However, at almost each of the 
temperature regimes the leachates were found to be less in samples from the 
scapes held in SUC as compared to corresponding scapes held in DW. The ion 
leakage of the tepal discs increased sharply with the progression in time from 
day 1 to day 4 irrespective of the holding solution used. Least electrical 
conductivity of leachates was found in the samples from the scapes previously 
dry stored at 5°C for 72h and transferred to SUC on day 1 (Table 6.2.3, Fig. 
6.2.10). 
Reducing sugars 
The reducing sugar content of the samples from the scapes previously dry 
stored for 72h at 10 and 5°C registered a significant increase as compared to 
the samples from corresponding scapes held at RT irrespective of the transfer 
to various vase solutions. By and large, the reducing sugar content decreased 
with the progression in time from day 1 to day 4 of the transfer irrespective of 
the treatments. Maximum reducing sugar content was observed in the samples 
from the scapes previously dry stored at  10°C for 72h and transferred to DW 
on day 1 (Table 6.2.4, Fig. 6.2.11). 
Non-reducing sugars 
Mostly the non-reducing sugar content of the samples from the scapes 
previously dry stored for 72h at 5°C registered an increase as compared to the 
samples from corresponding scapes held at RT irrespective of the transfer to 
various vase solutions. However, at each of the temperature regimes the non 
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reducing sugar content was found to be higher in samples from the scapes held 
in SUC as compared to the samples from the corresponding scapes held in DW. 
The non reducing sugar content decreased sharply with the progression in time 
from day 1 to day 4 of the transfer irrespective of the transfer to various vase 
solutions. Maximum non reducing sugar content was observed in the samples 
from the scapes previously dry stored at  10 and 5°C for 72h and transferred to 
SUC on day 1 (Table 6.2.4, Fig. 6.2.12). 
Total Sugars 
The total sugar content of the samples from the scapes previously dry stored for 
72h at 5°C registered a sharp increase as compared to the samples from 
corresponding scapes held at RT irrespective of the transfer to various vase 
solutions. However, at each of the temperature regimes the total sugar content 
was found to be highest in samples from the scapes held in SUC as compared 
to the samples from the scapes held in DW. The total sugar content decreased 
sharply with the progression in time from day 1 to day 4 of the transfer 
irrespective of various vase solutions. Maximum non reducing sugar content 
was observed in the samples of the scapes previously dry stored at  10 °C for 
72h and transferred to DW and SUC on day 1 (Table 6.2.4, Fig. 6.2.13). 
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Table 6.2.1: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on vase life, fresh and dry mass of flowers at day 1, 4 and 8 of transfer in Iris 
germanica L. Blue flag 
 
Treatments 
Vase 
life 
(days) 
Days after transfer 
Fresh mass (g flower
-1
) Dry mass (g/flower) 
D1 D4 D8 D1 D4 D8 
Set A (DW) 
RT 
10°C 
5°C 
2 
5.33 
8.67 
1.921 
4.580 
5.643 
1.502 
3.057 
2.658 
- 
- 
- 
0.267 
0.392 
0.443 
0.166 
0.194 
0.191 
- 
- 
- 
Set B(SUC) 
RT 
10°C 
5°C 
3.33 
5.33 
10 
2.422 
5.047 
5.856 
2.152 
2.608 
3.354 
- 
- 
4.681 
0.234 
0.427 
0.456 
0.183 
0.201 
0.265 
- 
- 
0.251 
LSD at P0.05 0.8 0.9 0.24  0.07 0.09  
Each value is the mean of 6 independent replicates. 
Room temperature= 20±2°C 
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Table 6.2.2: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on floral diameter, volume of holding solution absorbed per scape and number 
of blooms per scape on day 1, 4, 8 and 11 of transfer in Iris germanica L. Blue 
flag 
 
Treatments 
Days after transfer 
Floral diameter (cm) Volume of holding solution 
absorbed per scape (ml) 
Number of blooms per 
scape 
D1 D4 D8 D11 D1 D4 D8 D11 D1 D4 D8 D11 
Set A(DW) 
RT 
 
10°C 
 
5°C 
8.01 
 
9.11 
 
11.3 
- 
 
7.84 
 
10.05 
- 
 
- 
 
10.2 
- 
 
- 
 
10.5 
0.5 
 
0.66 
 
1.33 
1.67 
 
3.33 
 
6.33 
2 
 
4.33 
 
9 
2.5 
 
4.67 
 
10 
0.83 
(24) 
 
0.83 
(22) 
 
1 
(23) 
0.83 
(24) 
 
1.83 
(43) 
 
2 
(38) 
0.83 
(24) 
 
1.83 
(48) 
 
3.16 
(73) 
0.83 
(24) 
 
1.83 
(48) 
 
3.33 
(97) 
Set B(SUC) 
RT 
 
 
10°C 
 
 
5°C 
 
9.43 
 
 
9.23 
 
 
10.8
7 
6.5 
 
 
7.95 
 
 
9.5 
- 
 
 
- 
 
 
9.2 
- 
 
 
- 
 
 
10.7 
0.5 
 
 
0.5 
 
 
1 
2.33 
 
 
2.33 
 
 
4.67 
2.33 
 
 
3.33 
 
 
10 
2.67 
 
 
3.83 
 
 
11 
1 
(25) 
 
1 
(26) 
 
1 
(23) 
1.5 
(37) 
 
1.67 
(43) 
 
1.17 
(27) 
1.5 
(37) 
 
1.83 
(48) 
 
2.83 
(88) 
1.5 
(37) 
 
1.83 
(48) 
 
3.83 
(100
) 
LSD at P0.05 0.45 0.37   0.05 0.34 0.63 0.7 0.02 0.04 0.03 0.05 
Each value is the mean of 6 independent replicates. 
Values in parentheses represent percent blooms  
Room temperature= 20±2°C 
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Table 6.2.3: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on soluble proteins, α-amino acids, total phenols and conductivity of leachates 
at day 1 & 4 of transfer in Iris germanica L. Blue flag. 
 
Treatments 
Days of transfer 
Soluble 
proteins 
(mg/g fm) 
α-amino 
acids 
(mg/g fm) 
Total phenols 
(mg/g fm) 
Conductivity of 
leachates (µS) 
D1 D4 D1 D4 D1 D4 D1 D4 
Set A (DW) 
RT 
10°C 
5°C 
1.8    
1.52 
1.28 
1.8 
1.64 
1.84 
4.93 
6.98 
7.09 
10.89 
12.53 
15.37 
6.45 
3.12 
1.73 
4.86 
3.96 
2.98 
44.5 
19.5 
5 
130.5 
116.2 
6.7 
Set B (SUC) 
RT 
10°C 
5°C 
1.98 
1.64 
1.56 
2.12 
1.84 
2.2 
5.44 
5.85 
7.21 
6.98 
11.09 
15.12 
4.16 
2.77 
2.08 
3.12 
2.71 
2.67 
22 
6 
2 
119.2 
65.5 
4.5 
LSD at P0.05 0.13 0.09 0.11 0.82 0.1 0.12 1.2 4.7 
Each value is the mean of 6 independent replicates. 
Room temperature= 20±2°C 
 
 
 
 
M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 152 
 
Table 6.2.4: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on total sugars, reducing sugars & non-reducing sugars on day 1 &4 of transfer 
in Iris germanica L. Blue flag. 
 
Treatments 
Days of transfer 
Reducing sugars 
(mg/g fm) 
Non-reducing 
sugars (mg/g fm) 
Total sugars   
(mg/g fm) 
D1 D4 D1 D4 D1 D4 
Set A (DW) 
RT 
10°C 
5°C 
4.46 
21.76 
19.53 
6.70 
6.70 
9.49 
4.47 
4.47 
3.94 
0.56 
0.56 
1.11 
8.93 
26.23 
23.47 
7.26 
7.26 
10.6 
Set B (SUC) 
RT 
10°C 
5°C 
8.37 
20.09 
17.3 
10.04 
11.16 
16.74 
5.02 
5.58 
5.58 
1.68 
0.56 
1.67 
13.39 
25.67 
22.88 
11.72 
11.72 
18.41 
LSD at P0.05 1.04 0.7 0.11 0.02 0.79 0.18 
Each value is the mean of 6 independent replicates. 
Room temperature= 20±2°C 
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                         Fig. 6.2.1                                                      Fig. 6.2.2 
 
 
                           Fig. 6.2.3                                                Fig. 6.2.4 
Fig. 6.2.1- 6.2.4: Effect of postharvest dry storage (PHDS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on vase life, fresh mass, dry mass and floral diameter in Iris 
germanica L. 
 
0
2
4
6
8
10
12
RT 10˚C 5˚C RT 10°C 5°C LSD
V
a
se
 l
if
e 
(D
a
y
s)
Temperature treatments
0
1
2
3
4
5
6
7
RT 10˚C 5˚C RT 10°C 5°C LSD
Fr
e
sh
 m
as
s 
(g
)
Temperature treatments
DW(D1) DW(D4) DW(D8)
0
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
0.45
0.5
RT 10˚C 5˚C RT 10°C 5°C LSD
D
ry
  
m
a
ss
 (
g
)
Temperature treatments
DW(D1) DW(D4) DW(D8)
0
2
4
6
8
10
12
RT 10˚C 5˚C RT 10˚C 5˚C LSD
F
lo
ra
l 
d
ia
m
et
er
 (
cm
)
Temperature treatments
DW(D1) DW(D4)
DW(D8) DW(D11)
M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 154 
 
 
           Fig. 6.2.5                                          Fig. 6.2.6 
 
 
       Fig. 6.2.7                                                 Fig. 6.2.8 
Fig. 6.2.5- 6.2.8: Effect of postharvest dry storage (PHDS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on volume of holding solution absorbed per scape, no. of 
blooms per scape, soluble proteins and α-amino acids in Iris germanica L. 
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                         Fig. 6.2.9                                                   Fig. 6.2.10 
 
 
                             Fig. 6.2.11                                            Fig. 6.2.12 
Fig. 6.2.9- 6.2.12:  Effect of postharvest dry storage (PHDS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on total phenols, conductivity of leachates, reducing sugars 
and non-reducing sugars in Iris germanica L. 
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Fig. 6.2.13 
Fig. 6.2.13: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on total sugars in Iris germanica L. 
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Plate 6.2.1 
 
 
 
 
        RT                 10˚C                 5˚C 
     RT                      10˚C                  5˚C 
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M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 158 
 
 
 
 
Plate 6.2.1 
Effect of postharvest dry storage (PHDS) for 72 h at room 
temperature (RT), 10˚C and 5˚C before transfer to DW and SUC 
(0.1M) in cut scapes of Iris germanica. 
Fig. (a): From left to right are arranged scapes before dry storage for 
72 h. 
Fig. (b): From left to right are arranged scapes after dry storage for 
72 h. 
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Plate 6.2.2 
 
 
 
(a) 
 
 
 
 
(b) 
 
 
 
 
 
(c) 
    RT-DW           RT-SUC           10˚C-DW      10˚C-SUC          5˚C-DW       5˚C-SUC 
 RT-DW           RT-SUC             10˚C-DW      10˚C-SUC      5˚C-DW       5˚C-SUC 
    RT-DW           RT-SUC       10˚C-DW       10˚C-SUC        5˚C-DW        5˚C-SUC 
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Plate 6.2.2 
Scapes of Iris germanica held in distilled water (DW) and sucrose 
(SUC) after 72 h dry storage at day 2 of transfer (Fig. a), day 6 of 
transfer (Fig. b) and day 10 of transfer (Fig. c). 
From left to right are arranged flasks containing scapes which were 
previously held at different temperatures {(RT, 20±3˚C), 10˚C and 
5˚C} and in different vase solutions {DW and SUC}. 
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EXPERIMENT – 6.3 
Effect of postharvest wet storage (PHWS) at different temperatures RT 
(20±2
o
C), 10ºC and 5ºC for 72 h and subsequent transfer to vase solutions 
{distilled water (DW) and sucrose(SUC)} on postharvest performance of 
cut scapes of Iris germanica. 
Experimental 
Uniform and healthy scapes of Iris germanica growing in the Kashmir 
University Botanic Garden (KUBG) were used for this study. The buds were 
harvested at 1200 h with their oldest bud at one day before anthesis (pencil 
stage). The harvested scapes were immediately brought to the laboratory, cut to 
a uniform length of 35 cms. The scapes were held in distilled water (DW) in 
separate glass beakers and kept at 5 and 10
º
C. A separate set of scapes was kept 
at room temperature (20±2
º
C). After 72 h the scapes were kept at room 
temperature after transferring them to 250 ml Erlenmeyer flasks containing 200 
ml of vase solution {Distilled water (DW) and Sucrose (SUC) 0.1 M}. Each 
treatment was represented by 5 replicates (flasks) with each flask containing 
two scapes. The day of transfer of scapes to vase solutions (DW and SUC) was 
designated as day zero (D0). The average vase life of scapes was counted from 
the day of transfer (D0) to holding solution and was regarded to be terminated 
when the last flower lost its display value (marked by color change and 
flaccidity of tepals). Visual changes were observed at periodic intervals. Floral 
diameter, number of blooms and volume of holding solution absorbed were 
estimated on Day 1, 4, 8 and 11. Fresh mass and dry mass was estimated on 
day 1, 4 and 8. Conductivity of leachates (µS) from tepal discs of flowers was 
recorded on day 1 and day 4 of transfer of scapes to vase solutions. Changes in 
tissue constituents including soluble proteins, α- amino acids, total phenols and 
sugar fractions were estimated at day 1 and day 4 of transfer of scapes to vase 
solution (DW and SUC). The data has been expressed both on fresh mass and 
per flower basis. The results have been analyzed statistically and LSD 
computed at P0.05 using MINITAB (v15.1.2-EQUINOX_Softddl.net) software. 
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Results 
All the Ist buds (previously at one day before anthesis) of the scapes wet stored 
for 72 h at 5°C maintained their premature status and the buds (Previously at 
one day before anthesis, pencil stage) of the scapes wet stored at 10°C were 
completely open (in full bloom) during storage. The Ist buds of scapes 
maintained at RT senesced during the storage (Plate 6.3.1, Fig a-b). During 
storage on D1, all the Ist buds previously kept at RT opened up, while as the Ist 
buds of the scapes previously stored at 10°C were partially open. But all the Ist 
buds on the scapes previously stored at 5°C were still at pencil stage. All the 
buds at pencil stage on the scapes previously stored at 5°C opened up on D1 
after the transfer to vase solution. However some of the IInd and IIIrd buds of 
the scapes previously kept at RT (20±2°C) opened up on D1 after the transfer 
of scapes to vase solutions (Plate 6.2.2, Fig a, b and c). Flower senescence was 
characterized by the initiation of tepal inrolling followed by water soaking of 
tepals and changing of color from light blue to deep blue at the top and 
yellowish towards the base.  Flower senescence was observed to be same as 
was the case under field conditions, but flowers got detached from the scapes 
as the senescence progressed. 
Vase life 
The vase life of scapes previously wet stored at RT (20±2°C) and transferred to 
DW (Control) was 2 days, while as the vase life of scapes previously wet 
stored at 10 and 5°C before transfer to DW (vase solution) increased by 
approximately 5 and 8 days respectively. However, when the scapes previously 
wet stored at 10°C and 5°C were transferred to SUC, the vase life increased by 
approximately 5 and 9 days respectively than the control (RT-DW) (Table 
6.3.1; Fig. 6.3.1). 
Fresh and dry mass 
The fresh and dry mass of the samples from scapes previously wet stored for 
72h at 10 and 5°C registered an increase as compared to the flowers from the 
corresponding scapes held at RT (20±2°C) irrespective of the holding solution. 
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However, almost at each of the temperature regimes both fresh and dry mass 
was found to be higher in the flowers from scapes held in SUC as compared to 
the flowers from the corresponding scapes held in DW. Fresh and dry mass 
decreased with the progression in time from day 1 to day 4 of transfer 
irrespective of the treatments. Maximum value of fresh and dry mass was 
recorded in the flowers from scapes previously dry stored at 5°C for 72h and 
transferred to SUC (Table 6.3.1, Fig. 6.3.2 & 6.3.3). 
Floral diameter 
The floral diameter of flowers from the scapes previously wet stored at 10 and 
5°C was higher as compared to the flowers from the corresponding scapes held 
at RT (20±2°C) irrespective of the holding solution. Floral diameter registered 
a decrease with the progression in time from day 1 to day 11 of transfer 
irrespective of the treatments. The floral diameter was found to be higher in the 
flowers from scapes held in SUC as compared to the flowers from the 
corresponding scapes held in DW. Floral diameter was maximum in the 
flowers of the scapes previously wet stored at 5°C for 72h and transferred to 
DW on day 1 (Table 6.3.2, Fig. 6.3.4). 
Volume of holding solution absorbed 
The volume of holding solution absorbed increased with progression from day 
1 to day 11 of the transfer of scapes to various vase solutions irrespective of the 
particular temperature regime and holding solution. The solution uptake was 
significantly higher in scapes previously wet stored for 72h at 10 and 5°C as 
compared to the corresponding scapes held at RT irrespective of the holding 
solution. A higher solution uptake was recorded in the scapes held in DW as 
compared to SUC irrespective of the temperature regime. The maximum 
solution uptake was noticed in the scapes previously wet stored at 5°C for 72h 
and transferred to SUC on D11 (Table 6.3.2, Fig. 6.3.5). 
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Number of blooms per scape 
The number of blooms as also the percent blooming increased with progression 
from D1 to D11 of the transfer of scapes to various holding solutions 
irrespective of the particular temperature regime and holding solution. Scapes 
previously wet stored at 5°C and transferred to SUC exhibited 100% blooming 
by day 11. However, at each of the temperature regimes the number of blooms 
per day was found to be higher in the scapes held in SUC as compared to 
corresponding scapes held in DW. Complete and sustained blooming was 
exhibited in scapes previously wet stored at 5°C and transferred to SUC by day 
11. (Table 6.3.2, Fig. 6.3.6). 
Soluble proteins 
The soluble protein content of the samples from scapes previously wet stored at 
10 and 5°C for 72h registered a significant increase as compared to the samples 
from corresponding scapes held at RT irrespective of the transfer to various 
holding solutions. However, at each of the temperature regimes the soluble 
protein content was found to be higher in the scapes held in SUC as compared 
to corresponding scapes held in DW. By and large, the soluble protein content 
increased with the progression in time from day 1 to day 4. Maximum protein 
content was found in the samples previously wet stored at 10°C for 72h and 
transferred to SUC on day 4 (Table 6.3.3, Fig. 6.3.7). 
α- amino acids 
A lower α- amino acids content was maintained in the samples from the scapes 
previously wet stored at 5°C for 72h as compared to the samples from the 
corresponding scapes held at 10°C and RT irrespective of the nature of holding 
solutions. However, the α- amino acids decreased with the progression in time 
from day 1 to day 4 of the transfer of scapes irrespective of the particular 
temperature regime and holding solution used.. The lowest α- amino acid 
content was noticed in the samples of the scapes previously wet stored at 5°C 
and transferred to SUC on day 4 (Table 6.3.3, Fig. 6.3.8). 
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Total phenolics 
A lower phenolic content was usually maintained in the samples from the 
scapes previously wet stored at 10 and 5°C for 72h as compared to the samples 
from the corresponding scapes held at RT irrespective of the holding solution 
used. At each of the particular temperature regimes the phenolic content of the 
samples was more in scapes held in DW as compared to corresponding scapes 
held in SUC. The total phenolic content increased with the progression in time 
from day 1 to day 4 irrespective of the holding solution used. The maximum 
phenolic content was noticed in the samples from the scapes previously wet 
stored at RT and transferred to DW on day 4 (Table 6.3.3, Fig. 6.3.9). 
Conductivity of leachates 
The electrical conductivity of leachates estimated as ion leakage of tepal discs 
(µS) registered a decrease in samples previously wet stored for 72h at 10 and 
5°C as compared to the corresponding samples from the scapes held at RT 
irrespective of the holding solution. However, at each of the temperature 
regimes the leachates were found to be less in samples from the scapes held in 
SUC as compared to corresponding scapes held in DW. The ion leakage of the 
tepal discs increased with the progression in time from day 1 to day 4 
irrespective of the holding solution used. Lowest electrical conductivity of 
leachates was found in the samples from the scapes previously wet stored at 
5°C for 72h and transferred to SUC on day 1 (Table 6.3.3, Fig. 6.3.10). 
Reducing sugars 
The reducing sugar content of the samples from the scapes previously wet 
stored for 72h at 10 and 5°C registered a significant increase as compared to 
the samples from corresponding scapes held at RT irrespective of the transfer 
to various vase solutions. However, at each of the temperature regimes 
reducing sugar content was found to be higher in the samples held in SUC as 
compared to the corresponding scapes held in DW. By and large, the reducing 
sugar content decreased with the progression in time from day 1 to day 4 of the 
transfer irrespective of the treatments. Maximum reducing sugar content was 
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observed in the samples of the scapes previously wet stored at  5°C for 72h and 
transferred to SUC on day 4 (Table 6.3.4, Fig. 6.3.11). 
Non-reducing sugars 
Mostly the non-reducing sugar content of the samples from the scapes 
previously wet stored for 72h at 10 and 5°C registered an increase as compared 
to the samples from corresponding scapes held at RT irrespective of the 
transfer to various vase solutions. The non-reducing sugar content decreased 
sharply with the progression in time from day 1 to day 4 of the transfer 
irrespective of the treatments. Maximum non reducing sugar content was 
observed in the samples of the scapes previously wet stored at  5°C for 72h and 
transferred to DW on day 1 (Table 6.3.4, Fig. 6.3.12). 
Total sugars 
The total sugar content of the samples from the scapes previously wet stored 
for 72h at 10 and 5°C registered a significant increase as compared to the 
samples from corresponding scapes held at RT irrespective of the transfer to 
various vase solutions. However, at each of the temperature regimes the total 
sugar content was found to be higher in samples from the scapes held in SUC 
as compared to the samples from the scapes held in DW. The total sugar 
content decreased significantly with the progression in time from day 1 to day 
4 of the transfer irrespective of the treatments. Maximum total sugar content 
was observed in the samples of the scapes previously wet stored at  5 °C for 
72h and transferred to SUC on day 1 (Table 6.3.4, Fig. 6.3.13). 
 
 
 
 
 
 
M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 167 
 
Table 6.3.1: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on vase life, fresh and dry mass of flowers at day 1, 4 and 8 
(D1, D4 & D8) of transfer in Iris germanica L. Blue flag 
 
Treatment 
 
Vase life 
(days) 
Days after transfer 
Fresh mass(g/flower) Dry mass 
(g/flower) 
D1 D4 D8 D1 D4 D8 
Set A (DW) 
RT 
10°C 
5°C 
2 
7 
10 
3.483 
5.867 
6.885 
2.924 
3.616 
3.859 
- 
- 
4.695 
0.279 
0.402 
0.431 
0.224 
0.214 
0.213 
- 
- 
0.273 
Set B(SUC) 
RT 
10°C 
5°C 
2 
7 
10.67 
3.431 
6.239 
6.945 
3.228 
2.949 
3.661 
- 
4.625 
3.991 
0.297 
0.409 
0.482 
0.211 
0.201 
0.233 
- 
0.256 
0.259 
LSD 0.91 0.53 0.12  0.02 0.03  
Each value is the mean of 6 independent replicates. 
Room temperature = 20±2°C 
 
 
 
 
 
M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 168 
 
Table 6.3.2: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on floral diameter, volume of holding solution absorbed per 
scape and number of blooms per scape at 1, 4, 8 and 11 of transfer in Iris 
germanica L. Blue flag 
 
Treatments 
Days after transfer 
Floral diameter (cm) Volume of holding solution 
absorbed per scape 
Number of blooms per 
scape 
D1 D4 D8 D11 D1 D4 D8 D11 D1 D4 D8 D11 
Set A(DW) 
RT 
 
10°C 
 
5°C 
8.74 
 
10.9 
 
11.2 
 
- 
 
8.2 
 
8.73 
 
- 
 
8.85 
 
9.24 
 
- 
 
- 
 
- 
0.66 
 
1 
 
1.42 
 
3 
 
5.33 
 
6.67 
4 
 
8.33 
 
11.7 
4.5 
 
8.83 
 
12.7 
 
0.83 
(20) 
1 
(23) 
1 
(24) 
1.5 
(36) 
2 
(46) 
1.67 
(40) 
1.5 
(36) 
3 
(69) 
3.33 
(80) 
1.5 
(36) 
3 
(69) 
3.33 
(90) 
Set B(SUC) 
RT 
 
10°C 
 
5°C 
 
9.6 
 
10.5 
 
12.6 
- 
 
8.34 
 
8.61 
- 
 
9.9 
 
10.7 
- 
 
- 
 
10.3 
0.5 
 
0.92 
 
1.42 
3 
 
4.33 
 
6.67 
3.67 
 
8.33 
 
11.3 
4.16 
 
10 
 
13.2 
1 
(24) 
1 
(24) 
1.16 
(28) 
1.5 
(36) 
2.17 
(52) 
1.83 
(44) 
1.5 
(36) 
3.17 
(76) 
4.01 
(82) 
1.5 
(36) 
3.5 
(80) 
5.21 
(100) 
LSD 
0.43 0.13 0.23  0.02 0.7 0.72 0.77 0.04 0.02 0.05 0.03 
Each value is the mean of 6 independent replicates. 
The figures in the parentheses represent percent blooms 
Room temperature= 20±2°C 
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Table 6.3.3: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on soluble proteins, α-amino acids, total phenols and 
conductivity of leachates at day 1 & 4 of transfer in Iris germanica L. Blue 
flag. 
 
Treatments 
Days of transfer 
Soluble 
proteins 
(mg/g fm) 
α-amino 
acids 
(mg/g fm) 
Total phenols 
(mg/g fm) 
Conductivity 
of leachates 
(µS) 
D1 D4 D1 D4 D1 D4 D1 D4 
Set A (DW) 
RT 
10°C 
5°C 
1.32 
1.28 
1.52 
1.8 
1.64 
1.84 
5.491 
5.286 
4.362 
4.367 
3.413 
2.450 
2.985 
1.735 
1.18 
3.055 
2.916 
2.013 
42 
24.5 
4.5 
120.5 
98.2 
15.0 
Set B (SUC) 
RT 
10°C 
5°C 
1.08 
1.24 
1.36 
2.12 
1.84 
2.20 
5.951 
5.005 
4.464 
4.001 
3.627 
1.367 
2.777 
1.527 
1.25 
2.707 
2.153 
2.153 
34.5 
16.0 
2.5 
36.0 
17.5 
3.0 
LSD 0.04 0.03 0.2 0.11 0.12 0.07 1.4 2.1 
Each value is the mean of 6 independent replicates. 
Room temperature = 20±2°C 
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Table 6.3.4: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on total sugars, reducing sugars & non-reducing sugars on 
days 1 & 4 of transfer in Iris germanica L. Blue flag. 
 
Treatments 
Days of transfer 
Reducing sugars 
(mg/g fm) 
Non-reducing 
sugars (mg/g fm) 
Total sugars   
(mg/g fm) 
D1 D4 D1 D4 D1 D4 
Set A (DW) 
RT 
10°C 
5°C 
4.35 
9.49 
10.04 
2.95 
7.25 
12.28 
3.46 
3.9 
8.37 
0.4 
1.66 
0.55 
7.81 
13.39 
18.41 
3.35 
8.91 
12.83 
Set B (SUC) 
RT 
10°C 
5°C 
5.23 
13.39 
16.74 
3.91 
8.37 
17.3 
3.7 
3.91 
4.47 
2.79 
1.12 
1.11 
8.93 
17.3 
21.21 
6.70 
9.49 
18.41 
LSD 1.2 0.9 0.3 0.11 0.8 0.9 
Each value is the mean of 6 independent replicates. 
Room temperature = 20±2°C 
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             Fig. 6.3.1                                                  Fig. 6.3.2 
 
 
 
 
        Fig. 6.3.3                                                   Fig. 6.3.4 
Fig. 6.3.1- 6.3.4: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on vase life, fresh mass, dry mass and floral diameter in Iris 
germanica L. 
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      Fig. 6.3.5                                                    Fig. 6.3.6 
 
 
 
 
Fig. 6.3.7                                               Fig. 6.3.8 
Fig. 5.3.5- 5.3.8: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on volume of holding solution absorbed per scape, no. of 
blooms per scape, soluble proteins and α-amino acids in Iris germanica L 
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                             Fig. 6.3.9                                                    Fig. 6.3.10 
 
 
 
 
Fig. 6.3.11                                                      Fig. 6.3.12 
Fig. 6.3.9- 6.3.12:  Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on total phenols, conductivity of leachates, reducing sugars 
and non-reducing sugars in Iris germanica L. 
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Fig. 6.3.13 
Fig. 6.3.13: Effect of postharvest wet storage (PHWS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on total sugars in Iris germanica L. 
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Plate 6.3.1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) 
 
 
 
 
 
 
(b) 
RT                 10˚C                 5˚C 
        RT                 10˚C                 5˚C 
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Plate 6.3.1 
Effect of postharvest wet storage (PHWS) for 72 h at room 
temperature (RT), 10˚C and 5˚C before transfer to DW and SUC 
(0.1M) in cut scapes of Iris germanica. 
Fig. (a): From left to right are arranged scapes before wet storage for 
72 h. 
Fig. (b): From left to right are arranged scapes after wet storage for 
72 h. 
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Plate 6.3.2 
 
 
 
     RT-DW      RT-SUC      10˚C-DW      10˚C-SUC        5˚C-DW       5˚C-SUC 
    RT-DW         RT-SUC     10˚C-DW      10˚C-SUC       5˚C-DW         5˚C-SUC 
   RT-DW        RT-SUC       10˚C-DW     10˚C-SUC         5˚C-DW         5˚C-SUC 
(a) 
 
 
 
 
(b) 
 
 
 
 
(c) 
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Plate 6.3.2 
Scapes of Iris germanica held in distilled water (DW) and sucrose 
(SUC) after 72 h wet storage at day 2 of transfer (Fig. a), day 6 of 
transfer (Fig. b) and day 10 of transfer (Fig. c). 
From left to right are arranged flasks containing scapes which were 
previously held at different temperatures {(RT, 20±3˚C), 10˚C and 
5˚C} and in different vase solutions {DW and SUC}. 
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CHAPTER: 7 
Flower senescence and chemical regulation of vase 
life in Iris kashmiriana 
 
Iris kashmiriana in full bloom in the month of June 
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Iris kashmiriana Baker. 
Botanical name:                                      Iris kashmiriana Baker.  
Common name:                                       Mazarmund 
English name:                                          Kashmir Iris 
Family:                                                    Iridaceae 
Flowering period:                                    April- June 
Plant height:                                             45-55 cms 
Number of tepals:                                    6 (3+3) 
Number of stamens:                                 3 
Number of carpels:                                   3 
Fruit:                                                         Capsule 
Flower longevity:                                     2 days 
Symptoms and pattern of senescence:        
 
 
 
 
 
 
 
 
The flower senescence in Iris 
kashmiriana is marked by the loss 
of tepal turgidity followed by 
outward rolling of tepal tips. The 
creamish white tepals turn pale 
yellow during senescence. 
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EXPERIMENT 7.1 
Physiological and biochemical changes associated with flower development 
and senescence in Iris kashmiriana  
Experimental 
Flowers of Iris kashmiriana growing in Kashmir University Botanic Garden 
(KUBG) were selected for the present study. Flower development and 
senescence was divided into six stages (I- VI). These stages were deciphered as 
tight bud stage, mature bud stage, pencil stage, fully open stage, partially 
senescent stage and senescent stage (Plate 7.1.1). Visible changes were 
recorded throughout flower development and senescence. Floral diameter, fresh 
and dry mass was determined at each stage. 
For the estimation of tissue constituents from tepal tissues, 1g chopped material 
was fixed in hot 80% ethanol at each stage of flower development and 
senescence. The material was macerated and centrifuged three times. The 
supernatants were pooled and used for the estimation of soluble proteins, α-
amino acids, total phenols, reducing sugars, non-reducing sugars and total 
sugars from the suitable aliquots. Non- reducing sugars were calculated as the 
difference between total and reducing sugars. Soluble proteins were extracted 
from 1g of tepal tissue drawn separately from five different flowers at each of 
the five stages. Protease activity has been expressed as µg tyrosine equivalents 
liberated per 100mg fresh mass, besides specific protease activity has been 
computed as µg tyrosine liberated per mg protein. At each stage the 
homogenates from the tepal tissues were used for studying electrophoretic 
profiles of proteins by SDS-PAGE. The tissue was homogenized in 0.1M 
phosphate buffer (pH=7.2). 80µl of aliquot was loaded in each lane. Each value 
represented in the tables corresponds to the mean of five to ten independent 
replicates. The data has been analyzed statistically by computing standard 
deviation. 
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Results 
Visible changes 
The flower senescence in Iris kashmiriana is marked by the loss of tepal 
turgidity followed by inrolling of tepal tips and color change from creamish 
white to pale yellow (plate 7.1.1). The average life span of an individual flower 
after it opens fully is approximately 2 days. 
Floral diameter 
Flower diameter increased as the flower development progressed upto stage IV 
and thereafter showed a consistent decrease as the flower development 
progressed through senescence from stage V to VI (Table 7.1.1; Fig 7.1.1). 
Fresh mass, dry mass and water content of flowers 
Fresh and dry mass increased with flower development upto stage IV and 
declined thereafter as the flower senescence progressed. Water content showed 
a consistent increase upto stage IV and a decline at stages V and VI (Table 
7.1.1; Fig 7.1.2, 7.1.3, 7.1.4). 
Soluble proteins 
The concentration of soluble proteins showed a constant increase upto stage IV 
and a decrease in stages V and VI.  This trend became more apparent when the 
data was expressed on per flower basis (Table 7.1.2, Fig 7.1.5). 
Protease activity 
The specific protease activity (expressed as µg tyrosine equivalents per mg 
protein) decreased during flower development from stages I to IV, and 
increased sharply thereafter as the senescence progressed through stages V and 
VI. (Table 7.1.2, Fig 7.1.6). 
α- amino acids 
The α-amino acid content increased consistently upto stage III but decreased at 
stage IV and increased consistently at stages V and VI. However, when the 
data was expressed on per flower basis, the amino acid content  increased as 
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the flower development progressed through stages I to V. A sharp decline in 
the α-amino acid content was registered at Stage VI (Table 7.1.2, Fig 7.1.7). 
Total phenols 
The concentration of total phenols decreased continuously upto stage IV and 
thereafter increased as the flower development progressed through stages V 
and VI. The trend became apparent when the data was expressed on per flower 
basis (Table 7.1.2, Fig 7.1.8). 
Reducing Sugars 
The reducing sugar content increased through various stages of flower 
development from stage I to stage IV and decreased at stages V and VI as the 
senescence progressed. The trend became apparent when the data was 
expressed on per flower basis (Table 7.1.3, Fig. 7.1.9). 
Non-reducing sugars 
The tissue content of non-reducing sugars increased from stage I to IV and a 
sharp decrease resulted as the flowers progressed towards senescence at stages 
V and VI. The trend became more apparent when the data was expressed on 
per flower basis (Table 7.1.3, Fig. 7.1.10). 
Total sugars 
The tissue content of total sugars showed a continuous increase as the flower 
development progressed from stage I to IV and afterwards showed a sharp 
decrease at Stage V and VI. The trend became more apparent when the data 
was plotted on per flower basis (Table 7.1.3, Fig 7.1.11). 
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Table 7.1.1: Floral diameter, fresh mass, dry mass and water content during 
development and senescence in flowers of Iris kashmiriana 
Stages of flower 
development 
Flower 
diameter 
(cm) 
Fresh mass   
(g flower
-1
) 
Dry mass (g 
flower
-1
) 
Water content 
(g flower
-1
) 
I 
(tight bud stage) 
0.94±0.05 1.045±0.2 0.119±0.011 0.926±0.05 
II 
(mature bud 
stage) 
1.25±0.3 1.279±0.45 0.203±0.021 1.05±0.11 
III 
(pencil stage) 
1.63±0.2 3.211±0.41 0.281±0.033 2.93±0.16 
IV 
(open stage) 
10.85±0.82 5.22±0.23 0.424±0.041 4.796±0.21 
V 
(partially 
senescent stage) 
1.42±0.4 
 
3.73±0.12 0.297±0.016 3.433±0.12 
VI 
(senescent stage) 
1.15±0.2 1.08±0.13 0.281±0.021 1.627±0.13 
Each value is a mean of 6 independent replicates. 
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Table 7.1.2: Soluble proteins, α-amino acids, phenols (expressed as mg g-1 
fresh mass) and specific protease activity (expressed as µg tyrosine equivalents 
liberated per mg protein) during development and senescence in flowers of Iris 
kashmiriana. 
Each value is a mean of 6 independent replicates. 
Figures in parentheses represent values on per flower basis. 
Figures in *parentheses represent values on µg tyrosine liberated per 100 mg 
fresh mass basis. 
 
 
Stages of flower 
development 
Soluble 
proteins 
Specific 
protease 
activity 
α-amino 
acids 
Total phenols 
I 
(tight bud stage) 
1.16±0.13 
(1.21) 
0.68±0.02 
*(586) 
1.76±0.09 
(1.84) 
4±0.5 
(4.18) 
II 
(mature bud stage) 
1.16±0.11 
(1.48) 
0.45±0.05 
*(386) 
 2.58±0.12 
(3.3) 
3.625±0.34 
(4.64) 
III 
(pencil stage) 
1.24±0.09 
 (3.98) 
0.34±0.04 
*(274) 
4.58±0.23 
(14.71) 
2.5± 0.12 
(8.03) 
IV 
(open stage) 
1.2±0.1 
(6.26) 
0.08±0.01 
*(67) 
3.40±0.14 
(17.75) 
2±0.14 
(10.44) 
V 
(partially senescent 
stage) 
0.56±0.02 
(2.1) 
0.39±0.02 
*(696) 
5.16±0.31 
(19.25) 
2.75± 0.15 
(10.26) 
VI 
(senescent stage) 
0.64±0.01 
(0.69) 
0.63±0.02 
*(992) 
7.04±0.12 
(7.6) 
4.5± 0.56 
(4.86) 
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Table 7.1.3: Reducing sugars, non-reducing sugars, and total sugars (expressed 
as mg g
-1
 fresh mass) during development and senescence in flowers of Iris 
kashmiriana. 
Each value is a mean of 6 independent replicates. 
Figures in the parentheses represent values on per flower basis. 
 
 
 
 
 
Stages of flower 
development 
Reducing 
sugars 
Non-reducing 
sugars 
Total sugars 
I 
(tight bud stage) 
14.28±0.9 
(14.92) 
9.95±0.4 
 (10.4) 
24.23±1.2 
 (25.32) 
II 
(mature bud stage) 
17.86±1.02 
(22.84) 
21.38±0.9 
(27.34) 
39.24±2.5 
(50.19) 
III 
(pencil stage) 
22.32±1.01 
(71.67) 
38.7±1.03 
(124.26) 
61.02±4.7 
(195.93) 
IV 
(open stage) 
25±1.3 
(130.5) 
47.3±2.34 
(246.9) 
72.3±2.9 
(377.4) 
V 
(partially senescent 
stage) 
15.18±0.9 
(56.62) 
29.72±2.1 
(110.85) 
44.9±3.6 
(167.48) 
VI 
(senescent stage) 
8.04±0.93 
(8.68) 
15.72±1.02 
(16.98) 
23.76±1.2 
(25.66) 
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Fig. 7.1.1                                                     Fig. 7.1.2 
 
 
Fig. 7.1.3                                               Fig. 7.1.4 
Fig. 7.1.1 - 7.1.4: Changes in floral diameter, fresh and dry mass of flowers 
and water content of flowers at various stages of floral development and 
senescence in Iris kashmiriana.  
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Fig. 7.1.5                                                                    Fig. 7.1.6 
 
 
Fig. 7.1.7                                                          Fig. 7.1.8 
Fig. 7.1.5-7.1.8: Changes in soluble proteins, specific protease activity, α- 
amino acids and total phenols at various stages of flower development and 
senescence in Iris kashmiriana. 
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Fig. 7.1.9                                                  Fig. 7.1.10 
 
 
Fig. 7.1.11 
 
Fig. 7.1.9- 7.1.11: Changes in reducing sugars, non-reducing sugars and total 
sugars at various stages of flower development and senescence in Iris 
kashmiriana. 
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Fig. a: Stages of flower development and senescence in Iris 
kashmiriana 
 
 
 
Fig. b: Electrophoretogram of the stages of flower development and 
senescence 
Plate 7.1.1 
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Plate 7.1.1 
Fig. a: Stages of flower development and senescence in Iris 
kashmiriana; stages (I to VI) in the figure represent; I (Tight bud 
stage), II (Mature bud stage), III (Pencil stage), IV (Fully open stage), 
V (Partially senescent stage), VI (Senescent stage). 
Fig. b: SDS-PAGE of equal amounts of extractable protein at various 
stages (I to VI) of flower development and senescence from tepal 
tissues of Iris kashmiriana. The gel was stained with coomassie blue. 
Numbers above lanes correspond to developmental stages. Molecular 
weight standards are indicated on the left (kDa) and the ca molecular 
weights of major polypeptides to the right of the gel (kDa) 
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EXPERIMENT – 7.2 
Effect of postharvest dry storage (PHDS) at different temperatures {5, 10 
and RT (20±2
o
C)} for 72 h and subsequent transfer to vase solutions 
{distilled water (DW) and sucrose (SUC)} on postharvest performance of 
cut scapes of Iris kashmiriana. 
Experimental 
Uniform and healthy scapes of Iris kashmiriana growing in the Kashmir 
University Botanic garden (KUBG) were used for this study. The buds were 
harvested at 1200 h with their oldest bud at 1day before anthesis. The harvested 
scapes were immediately brought to the laboratory, cut to a uniform length of 
35 cms. The scapes were wrapped in moistened filter papers, packed in 
perforated polyethylene flower sleeves (40 cm long and 15 cm wide top) and 
kept at 5 and 10
o
C. A separate set of scapes was kept at room temperature 
(20±2
o
C). After 72 h the scapes were kept at room temperature before 
transferring them to 250 ml Ehrlenmeyer flasks containing 200 ml of vase 
solution {Distilled water (DW) and Sucrose (SUC) 0.1 M}. Each treatment was 
represented by 5 replicates (flasks) with each flask containing two scapes. The 
day of transfer of scapes to vase solutions (DW and SUC) was designated as 
day zero (D0). The average vase life of scapes was counted from the day of 
transfer to holding solution (D0) and was regarded to be terminated when the 
last flower had lost its display value (marked by color change and flaccidity of 
tepals). Visual changes were observed at periodic intervals. Floral diameter, 
volume of holding solution absorbed and number of blooms was estimated on 
Day 1, 6 and 11. Fresh mass and dry mass was estimated on day 1 and 6. 
Changes in tissue constituents including soluble proteins, specific protease 
activity, α- amino acids, phenolics and sugar fractions were estimated on day 1 
and 6 of transfer of scapes to vase solution (DW and SUC). The data has been 
expressed both on fresh mass and per flower basis. The results have been 
analyzed statistically and LSD computed at P0.05 using MINITAB (v15.1.2-
EQUINOX_Softddl.net) software. 
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Results 
The scapes dry stored for 72 h at 5°C maintained their premature status during 
storage. But the scapes maintained at 10°C were in about to open condition and 
some were partially open. However the oldest flower buds on scapes dry stored 
at room temperature (20±2°C) were aborted and showed saggy appearance 
(Plate 7.2.1, Fig a and b). All the buds at pencil stage on the scapes previously 
stored at 5 and 10°C opened up on D1 after the transfer to vase solution. 
However no buds in the scapes previously kept at RT (20±2°C) opened up on 
D1 after the transfer of scapes to vase solutions (Plate 7.2.2, Fig a, b and c). 
Flower senescence was characterized by the initiation of tepal inrolling 
followed by water soaking of tepals and color change from white to pale 
yellow. Flower senescence was observed to be same as was the case under field 
conditions. 
Vase life 
The vase life of scapes previously wet stored at RT (20±2°C) and transferred to 
DW (Control) was  approximately 4 days, while as the vase life of scapes 
previously dry stored at 10 and 5°C before transfer to DW (vase solution) 
increased by 2 days in both the cases. However, when the scapes previously 
dry stored at 10°C and 5°C were transferred to SUC, the vase life increased by 
approximately 2 and 6 days respectively than the control (RT-DW) (Table 
7.2.1; Fig. 7.2.1). 
Fresh and Dry mass 
The fresh and dry mass of flowers from scapes previously dry stored for 72h at 
10 and 5°C registered an increase as compared to the flowers from the 
corresponding scapes held at RT (20±2°C) irrespective of the holding solution. 
However, almost at each of the temperature regimes dry mass was found to be 
higher in the flowers from scapes held in SUC as compared to the flowers from 
the corresponding scapes held in DW. Fresh mass of the flowers increased with 
the progression in time from day 1 to day 6 irrespective of the holding solution 
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used while as dry mass of flowers decreased with the progression in time from 
day 1 to day 6 irrespective of the holding solution used (Table 7.2.1, Fig. 7.2.2 
and 7.2.3). 
Floral diameter 
The diameter of flowers previously dry stored at 10 and 5°C showed a higher 
value as compared to the flowers from the corresponding scapes held at RT 
(20±2°C) irrespective of the holding solution. Floral diameter registered an 
increase with the progression in time from day 1 to day 6. Floral diameter was 
maximum in the flowers from the scapes previously dry stored at 5°C for 72h 
and transferred to SUC on day 6 (Table 7.2.2, Fig. 7.2.4). 
Volume of holding solution absorbed 
The volume of holding solution absorbed increased with progression in time 
from day 1 to D11 of the transfer of scapes to various vase solutions 
irrespective of the particular temperature regime and holding solution. The 
solution uptake was significantly higher in scapes previously dry stored for 72h 
at 5°C as compared to the corresponding scapes held at RT and10°C 
irrespective of the holding solution. Largely, the solution uptake was more in 
the scapes previously dry stored for 72h and transferred to DW than the 
corresponding scapes transferred to SUC. The maximum solution uptake was 
noticed in the scapes previously dry stored at 5°C for 72h and transferred to 
SUC on day 11 (Table 7.2.2, Fig. 7.2.5). 
Number of blooms per scape: 
The no. of blooms as also the percent blooming increased with progression 
from D1 to D11 of the transfer of scapes to various holding solutions 
irrespective of the particular temperature regime and holding solution. Scapes 
previously dry stored at 5°C exhibited 100% blooming by day 11 irrespective 
of nature of holding solution. Number of blooms as also the percent blooms 
was slightly more in the scapes held in SUC than the corresponding scapes held 
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in DW. Complete and sustained blooming was exhibited in scapes previously 
dry stored at 5°C  by day 11 irrespective of the holding solution used (Table 
7.2.2, Fig. 7.2.6). 
Soluble proteins 
The soluble protein content of the samples from scapes previously dry stored at 
10 and 5°C for 72h registered a significant increase as compared to the samples 
from corresponding scapes held at RT irrespective of the transfer to various 
holding solutions. However, almost at each of the temperature regimes the 
soluble protein content was found to be higher in the scapes held in SUC as 
compared to corresponding scapes held in DW. Maximum protein content was 
found in the samples previously dry stored at 5°C for 72h and transferred to 
SUC on day 1 (Table 7.2.3; Fig. 7.2.7). 
Specific protease activity 
Specific protease activity (expressed as µg tyrosine equivalents released per 
mg protein) of the samples from the scapes previously dry stored at 10 and 
5°C for 72h was significantly lower as compared to the corresponding scapes 
held at RT irrespective of the nature of holding solution used. At each of the 
particular temperature regimes the specific protease activity of the samples 
was more in scapes held in SUC as compared to corresponding scapes held in 
DW. The specific protease activity increased considerably with the 
progression in time from day 1 to day 6 irrespective of the holding solution 
used. Maximum specific protease was observed in the samples of the scapes 
previously dry stored for 72h at RT and transferred to SUC on day 6 (Table 
7.2.3; Fig. 7.2.8) 
α- amino acids 
The α- amino acids content of the samples from the scapes previously dry 
stored at 10°C for 72h registered an increase as compared to the samples from 
the corresponding scapes held at RT irrespective of the nature of holding 
solution whereas the α- amino acids content of the samples from the scapes 
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previously dry stored at 5°C for 72h generally registered a significant decrease 
as compared to the samples from the corresponding scapes held at RT 
irrespective of the nature of holding solution. The α-amino content increased 
profoundly with the progression in time from day 1 to day 6 of the transfer of 
scapes irrespective of the holding solution used. The lowest α- amino acid 
content was noticed in the samples from the scapes previously dry stored at RT 
and transferred to SUC day 1 (Table 7.2.3; Fig. 7.2.9) 
Total Phenolics 
A significantly lower phenolic content was usually maintained in the samples 
from the scapes previously dry stored at 10 and 5°C for 72h as compared to the 
samples from the corresponding scapes held at RT. The total phenolic content 
decreased with the progression in time from day 1 to day 6 irrespective of the 
holding solution used. The maximum phenolic content was noticed in the 
samples of the scapes previously dry stored at RT and transferred to DW on 
day 1. (Table 7.2.3; Fig. 7.2.10) 
Reducing sugars 
The reducing sugar content of the samples of the scapes previously dry stored 
for 72h at 10 and 5°C registered a significant increase as compared to the 
samples from corresponding scapes held at RT irrespective of the transfer to 
various vase solutions. However, at each of the temperature regimes the 
reducing sugar content was found to be higher in samples from the scapes held 
in SUC as compared to the samples from the scapes held in DW. By and large, 
the reducing sugar content decreased with the progression in time from day 1 to 
day 6 of the transfer irrespective of the treatments. Maximum reducing sugar 
content was observed in the samples from the scapes previously dry stored at 
5°C for 72h and transferred to SUC on day 1 (Table 7.2.4; Fig. 7.2.11) 
Non-reducing sugars 
Generally, the non-reducing sugar content of the samples of the scapes 
previously dry stored for 72h at 10 and 5°C registered an increase as compared 
to the samples from corresponding scapes held at RT irrespective of the 
M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 197 
 
transfer to various vase solutions, but this increase was more pronounced in the 
scapes previously dry stored for 72h at 10°C. However, at each of the 
temperature regimes the non-reducing sugar content was found to be higher in 
samples from the scapes held in SUC as compared to the samples of the 
corresponding scapes held in DW. The non-reducing sugar content decreased 
sharply with the progression in time from day 1 to day 6 of the transfer 
irrespective of the transfer to various vase solutions. Maximum non reducing 
sugar content was observed in the samples from the scapes previously dry 
stored at  10°C for 72h and transferred to SUC on day 1 (Table 7.2.4; Fig. 
7.2.12). 
Total Sugars 
The total sugar content of the samples from the scapes previously dry stored for 
72h at 10 and 5°C registered a sharp increase as compared to the samples from 
corresponding scapes held at RT irrespective of the transfer to various vase 
solutions. However, at each of the temperature regimes the total sugar content 
was found to be highest in samples from the scapes held in SUC as compared 
to the samples of the scapes held in DW. The total sugar content decreased 
sharply with the progression in time from day 1 to day 6 of the transfer 
irrespective of various vase solutions. Maximum total sugar content was 
observed in the samples of the scapes previously dry stored at  10°C for 72h 
and transferred to SUC on day 1 (Table 7.2.4; Fig. 7.2.13). 
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Table 7.2.1: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on vase life, fresh and dry mass of flowers at day 1 and 6 (D1 & D6) of transfer 
in Iris kashmiriana L. 
 
Treatments 
 
Vase life 
(days) 
Days of transfer 
Fresh mass (g) Dry mass (g) 
D1 D6 D1 D6 
Set A (DW) 
RT 
10°C 
5°C 
4.66 
7 
7 
2.121 
3.822 
4.562 
- 
4.106 
4.902 
0.232 
0.296 
0.331 
- 
0.287 
0.321 
Set B (SUC) 
RT 
10°C 
5°C 
4.01 
7 
10.67 
2.06 
3.573 
4.372 
- 
4.314 
- 
0.203 
0.314 
0.337 
- 
0.309 
- 
LSD 0.7 0.21 0.07 0.011 0.04 
Each value is the mean of 6 independent replicates. 
Room temperature = 20±2°C 
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Table 7.2.2: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on floral diameter, number of blooms per scape and holding solution absorbed 
per scape on day 1, 6 & 11 (D1, D6 & D11) of transfer in Iris kashmiriana L. 
Each value is the mean of 6 independent replicates. 
The figures in the parentheses represent percent blooms 
Room temperature= 20±2°C 
 
 
 
Treatments 
Days of transfer 
Floral diameter 
(cm) 
No. of blooms per 
scape 
Holding solution 
absorbed per scape  
(ml) 
D1 D6 D11 D1 D6 D11 D1 D6 D11 
Set A (DW) 
RT 
 
10°C 
 
5°C 
 
- 
 
4.58 
 
7.93 
 
6.5 
 
8.16 
 
8.92 
 
- 
 
- 
 
- 
 
0.33 
(0) 
1 
(40) 
1 
(35) 
1.16 
(38) 
1.83 
(80) 
2 
(70) 
1.16 
(38) 
1.83 
(86) 
2 
(100) 
0.32 
 
2.67 
 
3.67 
 
1.5 
 
4 
 
6 
 
2.5 
 
4.66 
 
6.67 
 
Set B (SUC) 
RT 
 
10°C 
 
5°C 
 
- 
 
4.49 
 
8.46 
 
- 
 
6.51 
 
9.21 
 
- 
 
- 
 
8.54 
 
0.33 
(0) 
1 
(35) 
1 
(38) 
1 
(38) 
2.16 
(76) 
2 
(75) 
1 
(38) 
2.33 
(86) 
2.66 
(100) 
0.12 
 
1.67 
 
2.67 
 
1 
 
2.83 
 
5.33 
 
1.83 
 
3.33 
 
7.5 
 
LSD 0.81 0.14  0.012 0.013 0.04 0.1 0.3 0.21 
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Table 7.2.3: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on soluble proteins, specific protease activity, total phenols and α-amino acids 
at day 1 &6 (D1& D6) of transfer in Iris kashmiriana L. 
Treatments Days of transfer 
Soluble 
proteins 
(mg/g fm) 
Protease activity Total phenols 
(mg/g fm) 
α-amino 
acids 
(mg/g fm) 
D1 D6 D1 D6 D1 D6 D1 D6 
Set A (DW) 
RT 
 
10°C 
 
5°C 
0.48 
 
0.92 
 
1.02 
0.56 
 
1.04 
 
1.01 
0.45 
(946) 
0.25 
(273) 
0.13 
(85) 
0.56 
(997) 
0.46 
(445) 
0.46 
(454) 
10.28 
 
5.42 
 
5.55 
4.72 
 
3.75 
 
3.89 
2.12 
 
6.53 
 
5.03 
10.27 
 
11.91 
 
4.31 
Set B (SUC) 
RT 
 
10°C 
 
5°C 
0.88 
 
0.96 
 
1.32 
0.61 
 
1.01 
 
1.24 
0.42 
(474) 
0.29 
(299) 
0.13 
(98) 
0.61 
(994) 
0.46 
(454) 
0.28 
(272) 
8.96 
 
6.04 
 
4.56 
5.48 
 
4.99 
 
3.88 
1.85 
 
8.01 
 
3.49 
10.99 
 
13.97 
 
3.71 
LSD 0.06 0.05 0.002 0.001 0.41 0.23 0.51 0.12 
 
Each value is the mean of 6 independent replicates. 
Figures in the parentheses represent specific protease activity (µg tyrosine 
equivalents liberated per mg protein) 
Room temperature= 20±2°C 
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Table 7.2.4: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on total sugars, reducing sugars & non-reducing sugars on day 1 & 6 (D1& D6) 
of transfer in Iris kashmiriana L. 
Treatments Days of transfer 
Reducing sugars 
(mg/g fm) 
Non-reducing 
sugars (mg/g fm) 
Total sugars (mg/g 
fm) 
D1 D6 D1 D6 D1 D6 
Set A (DW) 
RT 
10°C 
5°C 
4.646 
24.55 
22.32 
6.318 
11.16 
20.65 
1.494 
11.16 
6.7 
0.932 
1.67 
2.23 
6.14 
35.71 
29.02 
7.25 
12.83 
22.88 
Set B (SUC) 
RT 
10°C 
5°C 
5.58 
26.78 
27.34 
7.254 
18.41 
21.76 
1.09 
13.4 
7.26 
1.116 
2.24 
2.79 
6.67 
40.18 
34.60 
8.37 
20.65 
24.55 
LSD 0.91 0.89 0.71 0.02 1.37 1.01 
Each value is the mean of 6 independent replicates. 
Room temperature= 20±2°C 
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                          Fig. 7.2.1                                                       Fig. 7.2.2 
 
 
                               Fig. 7.2.3                                                        Fig. 7.2.4 
Fig. 7.2.1- 7.2.4: Effect of postharvest dry storage (PHDS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on vase life, fresh mass, dry mass and floral diameter in Iris 
kashmiriana Baker. 
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                                  Fig. 7.2.5                                                  Fig. 7.2.6 
 
 
                             Fig. 7.2.7                                                            Fig. 7.2.8 
Fig. 7.2.5- 7.2.8: Effect of postharvest dry storage (PHDS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on volume of holding solution absorbed per scape, no. of 
blooms per scape, soluble proteins and Specific protease activity in Iris 
kashmiriana Baker. 
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                                  Fig. 7.2.9                                                Fig. 7.2.10 
 
 
                         Fig. 7.2.11                                                    Fig 7.2.12 
Fig. 7.2.9- 7.2.12: Effect of postharvest dry storage (PHDS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on α-amino acids, total Phenols, reducing sugars and non-
reducing sugars in Iris kashmiriana Baker. 
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Fig. 7.2.13 
Fig. 7.2.13: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on total sugars in Iris kashmiriana Baker. 
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Plate 7.2.1 
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Plate 7.2.1 
Effect of postharvest dry storage (PHDS) for 72 h at room 
temperature (RT), 10˚C and 5˚C before transfer to DW and SUC 
(0.1M) in cut scapes of Iris kashmiriana. 
Fig. (a): From left to right are arranged scapes before dry storage for 
72 h. 
Fig. (b): From left to right are arranged scapes after dry storage for 
72 h. 
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Plate 7.2.2 
 
 
 
 
  RT-DW           RT-SUC         10˚C-DW      10˚C-SUC          5˚C-DW        5˚C-SUC 
  RT-DW       RT-SUC           10˚C-DW        10˚C-SUC             5˚C-DW         5˚C-SUC 
  RT-DW       RT-SUC             10˚C-DW      10˚C-SUC             5˚C-DW         5˚C-SUC 
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(b) 
 
 
 
 
 
(c) 
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EXPERIMENT – 7.3 
Effect of postharvest wet storage (PHWS) at different temperatures RT 
(20±2
o
C), 10ºC and 5ºC for 72 h and subsequent transfer to vase solutions 
{distilled water (DW) and sucrose (SUC)} on postharvest performance of 
cut scapes of Iris kashmiriana. 
Experimental 
Uniform and healthy scapes of Iris kashmiriana growing in the Kashmir 
University Botanic Garden (KUBG) were used for this study. The buds were 
harvested at 1200 h with their oldest bud at 1 day before anthesis (pencil stage). 
The harvested scapes were immediately brought to the laboratory, cut to a 
uniform length of 35 cms. The scapes were held in distilled water (DW) in 
separate 1000 ml borosilicate glass beakers and kept at 5 and 10
º
C. A separate 
set of scapes was kept at room temperature (20±2
º
C). After 72 h the scapes 
were kept at room temperature before transferring them to 250 ml Ehrlenmeyer 
flasks containing 200 ml of vase solution {Distilled water (DW) and Sucrose 
(SUC) 0.1 M}. Each treatment was represented by 5 replicates (flasks) with 
each flask containing two scapes. The day of transfer of scapes to vase 
solutions (DW and SUC) was designated as day zero (D0). The average vase 
life of scape was counted from the day of transfer (D0) to holding solution and 
was regarded to be terminated when the last flower lost its display value 
(marked by color change and flaccidity of tepals). Visual changes were 
observed at periodic intervals. Floral diameter, number of blooms and volume 
of holding solution absorbed were estimated on Day 1, 6 and 11. Fresh and dry 
mass was estimated on day 1and 6. Changes in tissue constituents including 
soluble proteins, specific protease activity, α- amino acids, phenolics and sugar 
fractions were estimated on day 1 and 6 of transfer of scapes to vase solution 
(DW and SUC). The data has been expressed both on fresh mass and per 
flower basis. The results have been analyzed statistically and LSD computed at 
P0.05 using MINITAB (v15.1.2-EQUINOX_Softddl.net) software. 
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Results 
Visible effects 
All the Ist buds (previously at one day before anthesis i.e pencil stage) of the 
scapes wet stored for 72 h at 5°C were in „about to open‟ condition and the 
buds (previously at one day before anthesis) of the scapes wet stored at 10°C 
were completely open (in full bloom) during storage. But the Ist buds 
(previously at one day before anthesis) of scapes maintained at RT (20±2°C) 
senesced during storage (Plate 7.3.1, Fig a and b). All the buds on the scapes 
previously stored at 5°C opened up on D1 after the transfer to vase solution. 
However the first buds that partially opened up during storage maintained their 
partial opened status as their opening was arrested which was apparent from the 
signs of senescence that appeared on the tips of the falls (curved tips) while as 
some of the IInd and IIIrd buds of the scapes previously kept at RT (20±2°C) 
opened up on D1 after the transfer of scapes to vase solutions (Plate 7.3.2, Fig 
a, b and c). Flower senescence was characterized by the initiation of tepal 
inrolling followed by water soaking of tepals and color change from white to 
pale yellow.  Flower senescence was observed to be same as was the case 
under field conditions, but flowers got detached from the scapes as the 
senescence progressed. 
Vase life 
The vase life of scapes previously wet stored at RT (20±2°C) and transferred to 
DW (Control) was approximately 4 days, while as the vase life of scapes 
previously wet stored at 10 and 5°C before transfer to DW (vase solution) 
increased by approximately 1 and 3 days respectively. However, when the 
previously wet stored scapes at 10°C and 5°C scapes were transferred to SUC, 
the vase life increased by 2 and 6 days respectively than the control (RT-DW) 
(Table 7.3.1; Fig. 7.3.1). 
Fresh and dry mass 
The fresh and dry mass of the samples from scapes previously wet stored for 
72h at 10 and 5°C registered an increase as compared to the flowers from the 
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corresponding scapes held at RT (20±2°C) irrespective of the holding solution. 
However almost at each of the temperature regimes both fresh and dry mass 
was found to be higher in the flowers from scapes held in SUC as compared to 
the flowers from the corresponding scapes held in DW. Fresh and dry mass 
decreased with the progression in time from day 1 to day 6 of transfer 
irrespective of the treatments. Maximum value of fresh mass was recorded in 
the flowers from scapes previously dry stored at 10°C for 72h and transferred 
to SUC on day 1 and highest dry mass was observed in samples from scapes 
previously held at 5°C  for 72h and transferred to SUC on day 1 (Table 7.3.1, 
Fig. 7.3.2 and 7.3.3). 
Floral diameter 
The flowers from the scapes previously wet stored at 10 and 5°C showed 
higher floral diameter as compared to the flowers from the corresponding 
scapes held at RT (20±2°C) irrespective of the holding solution. Floral 
diameter registered a consistent decrease with the progression in time from day 
1 to day 11 of transfer irrespective of the treatments. By and large, the floral 
diameter was found to be higher in the flowers from scapes held in SUC as 
compared to the flowers from the corresponding scapes held in DW. Floral 
diameter was maximum in the flowers of the scapes previously wet stored at 
5°C for 72h and transferred to SUC on day 1  (Table 7.3.2, Fig. 7.3.4). 
Number of blooms per scape 
The number of blooms as also the percent blooming increased with progression 
from D1 to D11 of the transfer of scapes to various holding solutions 
irrespective of the particular temperature regime and holding solution. Scapes 
previously wet stored at 5°C and transferred to SUC exhibited 100% blooming 
by day 11. However, at each of the temperature regimes the number of blooms 
per day was found to be higher in the scapes held in DW as compared to 
corresponding scapes held in SUC. Complete and sustained blooming was 
exhibited in scapes previously wet stored at 5°C and transferred to SUC by day 
11  (Table 7.3.2, Fig. 7.3.5). 
M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 212 
 
Volume of holding solution absorbed 
The volume of holding solution absorbed increased with progression in time 
from day 1 to day 11 of the transfer of scapes to various vase solutions 
irrespective of the particular temperature regime and holding solution. The 
solution uptake was significantly higher in scapes previously wet stored for 72h 
at 10 and 5°C as compared to the corresponding scapes held at RT irrespective 
of the holding solution. A higher solution uptake was recorded in the scapes 
held in DW as compared to SUC irrespective of the temperature regime. The 
maximum solution uptake was noticed in the scapes previously wet stored at 
5°C for 72h and transferred to DW on D11 (Table 7.3.2, Fig. 7.3.6). 
Soluble proteins 
The soluble protein content of the samples from scapes previously wet stored at 
10 and 5°C for 72h registered a consistent and significant increase as compared 
to the samples from corresponding scapes held at RT irrespective of the 
transfer to various holding solutions. However, almost at each of the 
temperature regimes the soluble protein content was found to be higher in the 
scapes held in SUC as compared to corresponding scapes held in DW. The 
soluble protein content decreased slightly with the progression in time from 
day 1 to day 6. Maximum protein content was found in the samples previously 
wet stored at 5°C for 72h and transferred to SUC on day 1 (Table 7.3.3; Fig. 
7.3.7). 
Specific protease activity 
Specific protease activity (expressed as µg tyrosine equivalents released per mg 
protein) of the samples from the scapes previously wet stored at 10 and 5°C for 
72h was lower as compared to the corresponding scapes held at RT irrespective 
of the nature of holding solution used. The specific protease activity increased 
considerably with the progression in time from day 1 to day 6 irrespective of 
the holding solution used. Maximum specific protease was observed in the 
samples of the scapes previously wet stored for 72h at RT and transferred to 
SUC on day 6 (Table 7.3.3; Fig. 7.3.8). 
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Total Phenolics 
A lower phenolic content was usually maintained in the samples from the 
scapes previously wet stored at 10 and 5°C for 72h as compared to the samples 
from the corresponding scapes held at RT irrespective of the holding solution 
used. At each of the particular temperature regimes the phenolic content of the 
samples was more in scapes held in SUC as compared to corresponding scapes 
held in DW. The total phenolic content decreased with the progression in time 
from day 1 to 6 irrespective of the holding solution used. The maximum 
phenolic content was noticed in the samples of the scapes previously wet stored 
at RT and transferred to SUC on day 1 (Table 7.3.3; Fig. 7.3.9). 
α- amino acids 
A lower α- amino acids content was maintained in the samples from the scapes 
previously wet stored at 5°C for 72h as compared to the samples from the 
corresponding scapes held at 10°C and RT irrespective of the nature of holding 
solutions. However, the α- amino acids increased with the progression in time 
from day 1 to 6 of the transfer of scapes irrespective of the particular 
temperature regime and holding solution used. At each of the particular 
temperature regimes the α- amino acid content of the samples was more in 
scapes held in SUC as compared to corresponding scapes held in DW. The 
lowest α- amino acid content was noticed in the samples of the scapes 
previously wet stored at 5°C and transferred to DW on day 1 (Table 7.3.3; Fig. 
7.3.10). 
Reducing Sugars 
The reducing sugar content of the samples from the scapes previously wet 
stored for 72h at 10 and 5°C registered a significant increase as compared to 
the samples from corresponding scapes held at RT irrespective of the transfer 
to various vase solutions. However, at each of the temperature regimes 
reducing sugar content was found to be higher in the samples held in SUC as 
compared to the corresponding scapes held in DW. The reducing sugar content 
decreased significantly with the progression in time from day 1 to day 6 of the 
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transfer of scapes irrespective of the treatments. Maximum reducing sugar 
content was observed in the samples from the scapes previously wet stored at  
5°C for 72h and transferred to SUC on day 1 (Table 7.3.4; Fig. 7.3.11). 
Non-reducing Sugars 
The non-reducing sugar content of the samples from the scapes previously wet 
stored for 72h at 10 and 5°C registered an increase as compared to the samples 
from corresponding scapes held at RT irrespective of the transfer to various 
vase solutions. The non-reducing sugar content decreased sharply with the 
progression in time from day 1 to day 6 of the transfer irrespective of the 
treatments. However, at almost each of the temperature regimes the non 
reducing sugar content was found to be higher in samples from the scapes held 
in SUC as compared to the samples of the scapes held in DW. Maximum non-
reducing sugar content was observed in the samples from the scapes previously 
wet stored at 5°C for 72h and transferred to DW on day 1(Table 7.3.4; Fig. 
7.3.12). 
Total Sugars 
The total sugar content of the samples from the scapes previously wet stored 
for 72h at 10 and 5°C registered a significant increase as compared to the 
samples from corresponding scapes held at RT irrespective of the transfer to 
various vase solutions. However, at each of the temperature regimes the total 
sugar content was found to be higher in samples from the scapes held in SUC 
as compared to the samples of the scapes held in DW. The total sugar content 
decreased significantly with the progression in time from day 1 to day 6 of the 
transfer irrespective of the treatments. Maximum total sugar content was 
observed in the samples from the scapes previously wet stored at  5 °C for 72h 
and transferred to SUC on day 1 (Table 7.3.4; Fig. 7.3.13). 
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Table 7.3.1: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on vase life, fresh and dry mass of flowers at day 1and 6 (D1 
& D6) of transfer in Iris kashmiriana Baker. 
 
Treatments 
 
Vase life 
(days) 
Days of transfer 
Fresh mass (g) Dry mass (g) 
D1 D6 D1 D6 
Set A (DW) 
RT 
10°C 
5°C 
4.67 
5.67 
8.33 
1.779 
4.641 
5.036 
1.374 
4.529 
4.762 
0.173 
0.252 
0.298 
0.157 
0.245 
0.292 
Set B (SUC) 
RT 
10°C 
5°C 
4 
7 
10.67 
2.142 
5.551 
5.293 
- 
3.652 
5.171 
0.209 
0.292 
0.325 
- 
0.287 
0.314 
LSD at P0.05 0.52 0.701 0.12 0.011 0.009 
Each value is the mean of 6 independent replicates. 
Room temperature= 20±2°C 
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Table 7.3.2: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on floral diameter, number of blooms per scape and holding 
solution absorbed per scape on days 1, 6 & 11 (D1, D6 & D11) of transfer in 
Iris kashmiriana Baker. 
Each value is the mean of 6 independent replicates. 
The figures in the parentheses represent percent blooms 
Room temperature= 20±2°C 
 
 
Treatments 
Days of transfer 
Floral diameter 
(cm) 
No. of blooms per 
scape 
Holding solution 
absorbed per scape 
(ml) 
D1 D6 D11 D1 D6 D11 D1 D6 D11 
Set A (DW) 
RT 
 
10°C 
 
5°C 
 
6.12 
 
8.88 
 
9.46 
5.25 
 
8.65 
 
9.32 
- 
 
- 
 
- 
0.33 
(13) 
1 
(46) 
1 
(38) 
1 
(40) 
1.83 
(84) 
2 
(75) 
1 
(40) 
1.83 
(84) 
2.66 
(100) 
0.33 
 
1.33 
 
2.33 
1.33 
 
2.5 
 
5.83 
3 
 
3.5 
 
7.33 
Set B (SUC) 
RT 
 
10°C 
 
5°C 
 
7.08 
 
8.58 
 
9.49 
- 
 
8.53 
 
9.34 
- 
 
- 
 
8.75 
0.5 
(18) 
1 
(43) 
1 
(33) 
0.83 
(29) 
1 
(86) 
2 
(67) 
0.83 
(29) 
1 
(93) 
2.66 
(100) 
0.5 
 
0.5 
 
1.33 
 
1.83 
 
2.33 
 
5.11 
2.83 
 
3.33 
 
6.67 
LSD at P0.05 0.31 0.71  0.021 0.01 0.003 0.02 0.11 0.12 
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Table 7.3.3: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on soluble proteins, specific protease activity, total phenols 
and α-amino acids on day 1 & 6 (D1& D6) of transfer in Iris kashmiriana 
Baker. 
Treatments Days of transfer 
Soluble 
proteins 
(mg/g fm) 
Protease activity Total 
phenols 
(mg/g fm) 
α-amino acids 
(mg/g fm) 
D1 D6 D1 D6 D1 D6 D1 D6 
Set A (DW) 
RT 
 
10°C 
 
5°C 
0.92 
 
0.92 
 
1.36 
0.56 
 
0.80 
 
1.16 
0.41 
(433) 
0.2 
(221) 
0.13 
(95) 
0.55 
(987) 
0.47 
(590) 
0.45 
(391) 
8.12 
 
4.58 
 
3.82 
4.65 
 
3.89 
 
3.69 
6.37 
 
5.96 
 
2.88 
8.53 
 
12.53 
 
5.14 
Set B (SUC) 
RT 
 
10°C 
 
5°C 
0.84 
 
1.01 
 
1.56 
0.64 
 
0.92 
 
1.12 
0.34 
(408) 
0.14 
(139) 
0.13 
(83) 
0.62 
(965) 
0.47 
(514) 
0.45 
(405) 
8.96 
 
4.51 
 
3.61 
5.36 
 
4.24 
 
3.03 
6.47 
 
4.62 
 
3.60 
9.65 
 
14.48 
 
6.67 
LSD at P0.05 0.07 0.05 0.004 0.003 0.13 0.09 0.12 0.13 
Each value is the mean of 6 independent replicates. 
Figures in the parentheses represent specific protease activity (µg tyrosine 
equivalents liberated per mg protein) 
Room temperature= 20±2°C 
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Table 7.3.4: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on total sugars, reducing sugars & non-reducing sugars on 
day 1 &6 (D1& D6) of transfer in Iris kashmiriana Baker. 
Each value is the mean of 6 independent replicates. 
Room temperature = 20±2°C 
 
 
 
Treatments Days of transfer 
Reducing sugars 
(mg/g fm) 
Non-reducing 
sugars (mg/g fm) 
Total sugars (mg/g 
fm) 
D1 D6 D1 D6 D1 D6 
Set A (DW) 
RT 
10°C 
5°C 
9.93 
18.98 
19.76 
3.35 
13.95 
9.49 
2.34 
2.23 
5.82 
1.11 
1.67 
1.67 
12.27 
21.21 
25.58 
4.46 
15.62 
11.16 
Set B (SUC) 
RT 
10°C 
5°C 
12.28 
18.98 
20.65 
5.58 
12.83 
10.05 
2.79 
2.23 
5.58 
1.67 
2.24 
2.23 
15.07 
21.21 
26.23 
7.25 
15.07 
12.28 
LSD at P0.05 1.02 1.11 0.32 0.09 0.61 0.95 
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                          Fig. 7.3.1                                                  Fig. 7.3.2 
 
 
                       Fig. 7.3.3                   Fig. 7.3.4 
Fig. 7.3.1- 7.3.4: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on vase life, fresh mass, dry mass and floral diameter in Iris 
kashmiriana Baker. 
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        Fig. 7.3.5                                                        Fig. 7.3.6 
 
 
      Fig. 7.3.7                                             Fig. 7.3.8 
Fig. 7.3.5- 7.3.8: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on volume of holding solution absorbed per scape, no. of 
blooms per scape, soluble proteins and α-amino acids in Iris kashmiriana 
Baker. 
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      Fig. 7.3.9                                                    Fig. 7.3.10 
 
 
   Fig. 7.3.11                                                        Fig. 7.3.12 
Fig. 7.3.9- 7.3.12:  Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on total Phenols, conductivity of leachates, reducing sugars 
and non-reducing sugars in Iris kashmiriana Baker. 
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Fig. 7.3.13 
Fig. 7.3.13: Effect of postharvest wet storage (PHWS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on total sugars in Iris kashmiriana Baker. 
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Plate 7.3.1 
 
 
 
 
 
 
        RT                 10˚C                 5˚C 
        RT                 10˚C                 5˚C (a) 
 
 
 
 
 
 
(b) 
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Plate 7.3.1 
Effect of postharvest wet storage (PHWS) for 72 h at room 
temperature (RT), 10˚C and 5˚C before transfer to DW and SUC 
(0.1M) in cut scapes of Iris kashmiriana. 
Fig. (a): From left to right are arranged scapes before wet storage for 
72 h. 
Fig. (b): From left to right are arranged scapes after wet storage for 
72 h. 
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Plate7.3.2 
 
 
 
 
 RT-DW     RT-SUC              10˚C-DW      10˚C-SUC           5˚C-DW       5˚C-SUC 
 RT-DW     RT-SUC              10˚C-DW      10˚C-SUC           5˚C-DW       5˚C-SUC 
 RT-DW     RT-SUC              10˚C-DW      10˚C-SUC           5˚C-DW       5˚C-SUC 
(a) 
 
 
 
 
(b) 
 
 
 
 
(c) 
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Plate 7.3.2 
Scapes of Iris kashmiriana held in distilled water (DW) and sucrose 
(SUC) after 72 h wet storage at day 2 of transfer (Fig. a), day 6 of 
transfer (Fig. b) and day 10 of transfer (Fig. c). 
From left to right are arranged flasks containing scapes which were 
previously held at different temperatures {(RT, 20±3˚C), 10˚C and 
5˚C} and in different vase solutions {DW and SUC}. 
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CHAPTER: 8 
Flower senescence and chemical regulation of vase 
life in Iris ensata 
 
Iris ensata in full bloom in the month of May 
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Iris ensata Thunb 
Botanical name:                                       Iris ensata Thunb 
Common Name:                                       Krishm 
English name:                                           Thunb/ Japanese Iris 
Family:                                                      Iridaceae 
Flowering period:                                     April- June 
Plant height:                                              45-55 cms 
Number of tepals:                                     6 (3+3) 
Number of stamens:                                 3 
Number of carpels:                                   3 
Fruit:                                                         Capsule 
Flower longevity:                                     2 days 
Symptoms and patter of senescence:         
 
 
 
 
 
 
 
 
The flower senescence in Iris 
ensata is marked by the loss of 
tepal turgidity followed by inward 
rolling of tepal tips.  The blue-
violet tepals turn pale during 
senescence. 
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EXPERIMENT 8.1 
Physiological and biochemical changes associated with flower development 
and senescence in Iris ensata  Thunb. 
Experimental 
Flowers of Iris ensata growing in Kashmir University Botanic Garden (KUBG) 
were selected for the present study. Flower development and senescence was 
divided into five stages (stage I to V). These stages were deciphered as tight 
bud stage, pencil stage, fully open stage, partially senescent stage and senescent 
stage (Plate 8.1.1 Fig. a). Visible changes were recorded throughout flower 
development and senescence. Floral diameter, fresh and dry mass were 
determined at each stage. 
For the estimation of tissue constituents from tepal tissues, 1g chopped material 
was fixed in hot 80% ethanol at each stage of flower development and 
senescence. The material was macerated and centrifuged three times. The 
supernatants were pooled and used for the estimation of reducing sugars, non-
reducing sugars, total sugars, α-aminoacids and total phenols from the suitable 
aliquots. Non- reducing sugars were calculated as the difference between total 
and reducing sugars. Soluble proteins were extracted from 1g of tepal tissue 
drawn separately from five different flowers at each of the five stages. Protease 
activity has been expressed as µg tyrosine equivalents liberated per 100mg 
fresh mass, besides specific protease activity has been computed as µg tyrosine 
liberated per mg protein. At each stage the homogenates from the tepal tissues 
were used for studying electrophoretic profiles of proteins by SDS-PAGE. The 
tissue was homogenized in 0.1M phosphate buffer (pH=7.2). 80µl of aliquot 
was loaded in each lane. Each value represented in the tables corresponds to the 
mean of five to ten independent replicates. The data has been analyzed 
statistically by computing standard deviation. 
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Results 
Visible changes 
The flower senescence in Iris ensata is marked by the loss of tepal turgidity 
followed by rolling of tepal tips.  The greenish buds open into light blue 
flowers. The light blue tepals turn pale during senescence (Plate 8.1.1). The 
average life span of an individual flower after it opens fully is 1 day. 
Floral diameter 
Flower diameter increased as the flower development progressed upto stage III 
and thereafter showed a consistent decrease upto stage V (Table 8.1.1, Fig 
8.1.1). 
Fresh mass, dry mass and water content of flowers 
Fresh and dry mass increased with flower development upto stage III and 
declined thereafter as the flower senescence progressed. Water content showed 
a constant increase upto stage IV and a decline thereafter at stage V (Table 
8.1.1, Fig 8.1.2, 8.1.3, 8.1.4). 
Soluble proteins 
The concentration of soluble proteins showed a constant decrease upto stage IV 
and a slight increase at stage V. However, when the data was expressed on per 
flower basis, a consistent increase was registered in the soluble protein content 
as the flower development progressed through stages I to III with a gradual 
decline from stage IV to V(Table 8.1.2, Fig 8.1.5). 
Protease activity 
The specific protease activity (expressed as µg tyrosine equivalents per mg 
protein) increased during flower development from stages I to IV, and 
decreased at stage V (Table 8.1.2, Fig 8.1.6). 
α- amino acids 
The α-amino acid content remained by and large constant upto stage III and 
thereafter showed a sharp increase upto stage V. However, when the data was 
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expressed on per flower basis, the amino acid content almost remained 
consistent throughout flower development and senescence (Table 8.1.2, Fig 
8.1.7). 
Total phenols 
The concentration of total phenols remained constant upto stage IV and 
afterward a sharp increase resulted as the flowers senesced. However when the 
data was expressed on per flower basis, a consistent increase resulted upto 
stage III followed by a decline at stage IV and a sharp increase thereafter at 
stage V (Table 8.1.2, Fig 8.1.8). 
Reducing sugars 
The reducing sugar content increased through various stages of flower 
development and senescence from stage I to stage V. However, when the data 
was expressed on per flower basis, the reducing sugar content was found to 
increase as the flowers opened through various stages of development from 
stage I to IV and declined quickly thereafter (Table 8.1.3, Fig. 8.1.9). 
Non-reducing sugars 
The tissue content of non-reducing sugars decreased from stage I to II and a 
sharp increase resulted as the flowers opened at stage III, afterwards a sharp 
decline occurred through stage IV and V. The trend became more apparent 
when the data was expressed on per flower basis (Table 8.1.3, Fig. 8.1.10). 
Total sugars 
The tissue content of total sugars showed a continuous increase as the flower 
development progressed from stage I to IV and remained more or less constant 
at stage V. However, when the data was expressed on per flower basis, the total 
sugar content increased as the flower opened through various developmental 
Stages from stage I to III and declined sharply thereafter during senescence at 
stages IV and V (Table 8.1.3, Fig 8.1.11). 
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Table 8.1.1: Floral diameter, fresh mass, dry mass and water content during 
development and senescence in flowers of Iris ensata 
Stages of flower 
development 
Flower 
diameter 
(cm) 
Fresh mass 
(g flower
-1
) 
Dry mass (g 
flower
-1
) 
Water content 
(g flower
-1
) 
I 
(tight bud stage) 
0.4±0.02 0.595±0.01 0.085±0.01 0.51±0.03 
II 
(pencil stage) 
0.8±0.02 0.738±0.06 0.107±0.02 0.631±0.07 
III 
(fully open stage) 
6.2±0.04 0.856±0.09 0.137±0.01 0.719±0.02 
IV 
(partially 
senescent stage) 
3.7±0.02 0.521±0.06 0.114±0.03 0.407±0.05 
V 
(senescent stage) 
1.3±0.03 
 
0.446±0.06 0.093±0.02 0.353±0.04 
Each value is a mean of 6 independent replicates ± SD. 
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Table 8.1.2: Soluble proteins, α-amino acids, phenols (expressed as mg g-1 
fresh mass) and specific protease activity (expressed as µg tyrosine equivalents 
liberated per mg protein) during development and senescence in flowers of Iris 
ensata. 
Each value is a mean of 6 independent replicates ± SD. 
Figures in the parentheses represent values on per flower basis. 
Figures in *parentheses represent values on µg tyrosine liberated per 100 mg 
fresh mass basis. 
 
 
Stages of flower 
development 
Soluble 
proteins 
Specific 
Protease 
activity 
α-amino 
acids 
Total phenols 
I 
(tight bud stage) 
2.693±0.075 
(1.602) 
0.32±0.04 
*(120) 
5.915±0.7 
(3.519) 
3.11±0.3 
(1.850) 
II 
(pencil stage) 
2.4±0 
(1.771) 
0.45±0.07 
*(189) 
9.576±0.8 
(7.067) 
3.22±0.5 
(2.376) 
III 
(fully open stage) 
2.346±0.075 
(2.008) 
0.48±0.01 
*(207) 
5.915±0.9 
(5.063) 
3.273±0.6 
(2.8016) 
IV 
(partially 
senescent stage) 
2.186±0.075 
(1.139) 
0.55±0.04 
*(252) 
14.647±0.8 
(7.631) 
3.163±0.3 
(1.648) 
V 
(senescent stage) 
2.266±0.075 
(1.011) 
0.32±0.03 
*(143) 
40.560±0.9 
(18.089) 
11.826±0.9 
(5.247) 
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Table 8.1.3: Reducing sugars, non-reducing sugars, and total sugars (expressed 
as mg g
-1
 fresh mass) during development and senescence in flowers of Iris 
ensata. 
Each value is a mean of 6 independent replicates ± SD. 
Figures in the parentheses represent values on per flower basis. 
 
 
 
 
 
Stages of flower 
development 
Reducing 
sugars 
Non-reducing 
sugars 
Total sugars 
I 
(tight bud stage) 
22.322±2.52 
(13.282) 
23.214±2.525 
(13.812) 
45.535±3.788 
(27.093) 
II 
(pencil stage) 
42.857±0 
(31.628) 
11.606±2.52 
(8.565) 
54.464±2.525 
(40.194) 
III 
(fully open stage) 
54.464±2.52 
(46.621) 
19.643±2.49 
(16.814) 
72.321±0 
(61.907) 
IV 
(partially senescent 
stage) 
66.964±0 
(34.888) 
17.857±2.525 
(9.303) 
86.607±2.525 
(45.122) 
V 
(senescent stage) 
74.107±2.52 
(33.052) 
10.714±0 
(4.778) 
88.376±3.780 
(39.415) 
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                            Fig. 8.1.1                                               Fig.8.1.2 
 
 
                            Fig. 8.1.3                                               Fig.8.1.4 
 
Fig. 8.1.1-8.1.4: Changes in floral diameter, fresh and dry mass of flowers and 
water content of flowers at various stages of floral development and senescence 
in Iris ensata. 
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         Fig. 8.1.5                                                  Fig.8.1.6 
 
 
                            Fig. 8.1.7                                                  Fig. 8.1.8 
 
Fig. 8.1.5- 8.1.8: Changes in soluble proteins, specific protease activity, α- 
amino acids and total phenols at various stages of flower development and 
senescence in Iris ensata. 
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                           Fig. 8.1.9                                                  Fig. 8.1.10 
 
 
  Fig.8.1.11 
Fig. 8.1.9- 8.1.11: Changes in reducing sugars, non-reducing sugars and total 
sugars at various stages of flower development and senescence in Iris ensata. 
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Fig. a: Stages of flower development and senescence in Iris ensata 
 
 
   
Fig. b: Electrophoretogram of the stages of flower development and 
senescence 
Plate 8.1.1 
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Plate 8.1.1 
Fig. a: Stages of flower development and senescence in Iris ensata; 
stages (I to V) in the figure represent; I (Tight bud stage), II (Pencil 
stage), III (Fully open stage), IV (Partially senescent stage) and V 
(Senescent stage). 
Increase in the ovary size with the progression in senescence. Ovary 
becomes the main sink as the flower senesces. 
Fig. b: SDS-PAGE of equal amounts of extractable protein at various 
stages (I to V) of flower development and senescence from tepal 
tissues of Iris ensata. The gel was stained with coomassie blue. 
Numbers above lanes correspond to developmental stages. Molecular 
weight standards are indicated on the left (kDa) and the ca molecular 
weights of major polypeptides to the right of the gel (kDa) 
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EXPERIMENT-8.2 
Effect of postharvest dry storage (PHDS) at different temperatures {5, 10 
and RT (20±2
o
C)} for 72 h and subsequent transfer to vase solutions 
{distilled water (DW) and sucrose (SUC)} on postharvest performance of 
cut scapes of Iris ensata. 
Experimental 
Uniform and healthy scapes of Iris ensata growing in the Kashmir University 
Botanic garden (KUBG) were used for this study. The buds were harvested at 
1200 h with their oldest bud 1 day before anthesis (pencil stage). The harvested 
scapes were immediately brought to the laboratory, cut to a uniform length of 
18 cms. The scapes were wrapped in moistened filter papers, packed in 
perforated polyethylene flower sleeves (20 cm long and 15 cm wide top) and 
kept at 5 and 10
o
C. A separate set of buds was kept at room temperature 
(20±2
o
C). After 72 h the scapes were kept at room temperature before 
transferring them to 100 ml Ehrlenmeyer flasks containing 80 ml of vase 
solution {Distilled water (DW) and Sucrose (SUC) 0.1 M}. Each treatment was 
represented by 5 replicates (flasks) with each flask containing two scapes. The 
day of transfer of scapes to vase solutions (DW and SUC) was designated as 
day zero (D0). The average vase life of scapes was counted from the day of 
transfer of scapes to holding solution and was regarded to be terminated when 
the last flower had lost its display value (marked by color change and flaccidity 
of tepals). Visual changes were observed at periodic intervals. Floral diameter, 
volume of holding solution absorbed and number of blooms was estimated on 
day 1 and 4. Fresh and dry mass was estimated on day 1 and 4. Conductivity of 
leachates (µS) from tepal discs of flowers was recorded on day 1 and 4 after 
transfer of scapes to vase solutions. Changes in tissue constituents including 
soluble proteins, specific protease activity, α- amino acids, phenolics and sugar 
fractions were estimated on day 2 and day 5 of transfer of scapes to vase 
solution (DW and SUC). The data has been expressed both on fresh mass and 
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per flower basis. The results have been analyzed statistically and LSD 
computed at P0.05 using MINITAB (v15.1.2-EQUINOX_Softddl.net) software. 
Results 
Visible effects 
The scapes dry stored for 72 h at 5°C maintained their premature status during 
storage. But the scapes kept at 10°C were partially open. However the oldest 
flower buds previously at 1 day before anthesis stage on scapes dry stored at 
room temperature (20±2°C) senesced during storage (Plate 8.2.1, Fig a and b). 
All the Ist buds on the scapes previously stored at 5 and 10°C opened up on 
day 1 after the transfer to vase solution. However, some of the IInd buds from 
the scapes previously kept at RT (20±2°C) opened up on day 1 after the 
transfer of scapes to vase solutions (Plate 8.2.2, Fig a and b). Flower 
senescence was characterized by inrolling of tepal margins and color change 
from violet-blue to pale. Flower senescence was observed to be same as was 
the case in field conditions.  
Vase life 
The average vase life of scapes previously dry stored at various temperature 
regimes i.e. RT (20±2°C), 10 and 5°C before transfer to DW was 
approximately 1, 3 and 4 days respectively; whereas, the vase life of the 
corresponding scapes dry stored at RT (20±2°C), 10 and 5°C before transfer to 
SUC was approximately 1, 4, 5 days respectively. The maximum vase life was 
recorded in scapes previously dry stored at 5°C before transferred to SUC was 
5 days (Table 8.1.1; Fig. 8.2.1). 
Fresh and Dry mass 
The fresh and dry mass of flowers from scapes previously dry stored for 72h at 
10 and 5°C registered an increase as compared to the flowers from the 
corresponding scapes held at RT (20±2°C) irrespective of the holding solution. 
However, almost at each of the temperature regimes fresh and dry mass was 
found to be higher in the flowers from scapes held in SUC as compared to the 
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flowers from the corresponding scapes held in DW. Fresh mass of the flowers 
decreased sharply with the progression in time from day 1 to day 4 irrespective 
of the holding solution used while as dry mass of flowers generally increased 
with the progression in time from day 1 to day 4 irrespective of the holding 
solution used (Table 8.2.1, Fig. 8.2.2 and 8.2.3). 
Floral diameter 
The diameter of flowers previously dry stored at 10 and 5°C showed a higher 
value as compared to the flowers from the corresponding scapes held at RT 
(20±2°C) irrespective of the holding solution. Floral diameter registered a 
decrease with the progression in time from day 1 to day 4. Floral diameter was 
maximum in the flowers from the scapes previously dry stored at 5°C for 72h 
and transferred to DW on day 1 (Table 8.2.2, Fig. 8.2.4). 
Volume of holding solution absorbed 
The volume of holding solution absorbed increased significantly with 
progression in time from day 1 to D4 of the transfer of scapes to various vase 
solutions irrespective of the particular temperature regime and holding solution. 
The solution uptake was significantly higher in scapes previously dry stored for 
72h and transferred to DW than the corresponding scapes transferred to SUC 
irrespective of the holding solution. The maximum solution uptake was noticed 
in the scapes previously dry stored at 5°C for 72h and transferred to DW on 
day 4 (Table 8.2.2, Fig. 8.2.5). 
Number of blooms per scape 
The number of blooms increased with progression in time from day 1 to day 4 
of the transfer of scapes to various holding solutions irrespective of the 
particular temperature regime and holding solution. Scapes previously dry 
stored at 5°C exhibited 100% blooming by day 4 irrespective of nature of 
holding solution. Number of blooms as also the percent blooms was slightly 
higher in the scapes held in SUC than the corresponding scapes held in DW. 
Complete and sustained blooming was exhibited in scapes previously dry 
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stored at 5°C by day 11 irrespective of the holding solution used (Table 8.2.2, 
Fig. 8.2.6). 
Conductivity of leachates 
The electrical conductivity of leachates estimated as ion leakage of tepal discs 
(µS) registered a sharp decrease in samples previously dry stored for 72h at 10 
and 5°C as compared to the corresponding samples from the scapes held at RT 
irrespective of the holding solution. The ion leakage of the tepal discs increased 
sharply with the progression in time from day 1 to day 4 irrespective of the 
holding solution used. Lowest electrical conductivity of leachates was found in 
the samples from the scapes previously dry stored at 5°C for 72h and 
transferred to DW on day 1 (Table 8.2.2, Fig. 8.2.7). 
Soluble proteins 
The soluble protein content of the samples from scapes previously dry stored at 
10 and 5°C for 72h registered a significant decrease as compared to the 
samples from corresponding scapes held at RT irrespective of the transfer to 
various holding solutions. The soluble protein content decreased sharply with 
the progression in time from day 2 to day 5 irrespective of the holding solution 
used However, almost at each of the temperature regimes the soluble protein 
content was found to be higher in the samples from scapes held in SUC as 
compared to the samples corresponding scapes held in DW. Maximum protein 
content was found in the samples previously dry stored at RT for 72h and 
transferred to SUC on day 1 (Table 8.2.3, Fig. 8.2.8). 
Specific protease activity 
Specific protease activity (expressed as µg tyrosine equivalents released per mg 
protein) of the samples from the scapes previously dry stored at 10 and 5°C for 
72h was significantly lower as compared to the corresponding scapes held at 
RT irrespective of the nature of holding solution used. The specific protease 
activity increased considerably with the progression in time from day 2 to day 
5 irrespective of the holding solution used. Maximum specific protease activity 
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was observed in the samples from the scapes previously dry stored for 72h at 
RT and transferred to DW on day 5 (Table 8.2.3, Fig. 8.2.9). 
α- amino acids 
The α- amino acids content of the samples from the scapes previously dry 
stored at 10 and 5°C for 72h registered a significant decrease as compared to 
the samples from the corresponding scapes held at RT irrespective of the nature 
of holding solution. The α-amino content increased profoundly with the 
progression in time from day 2 to day 5 of the transfer of scapes irrespective of 
the holding solution used. The lowest α- amino acid content was noticed in the 
samples from the scapes previously dry stored at 5°C and transferred to DW 
day 2 (Table 8.2.3, Fig. 8.2.11). 
Total Phenolics 
A significantly lower phenolic content was usually maintained in the samples 
from the scapes previously dry stored at 10 and 5°C for 72h as compared to the 
samples from the corresponding scapes held at RT irrespective of the holding 
solution. However, at each of the temperature regimes the phenolic content was 
found to be higher in samples from the scapes held in SUC as compared to the 
samples from the scapes held in DW. The total phenolic content decreased with 
the progression in time from day 2 to day 5 irrespective of the holding solution 
used. The maximum phenolic content was noticed in the samples from the 
scapes previously dry stored at RT and transferred to SUC on day 2 (Table 
8.2.3, Fig. 8.2.10). 
Reducing sugars 
The reducing sugar content was found to be higher in samples from the scapes 
held in SUC as compared to the samples from the scapes held in DW. The 
reducing sugar content decreased significantly with the progression in time 
from day 2 to day 5 of the transfer irrespective of the treatments. Maximum 
reducing sugar content was observed in the samples from the scapes previously 
dry stored at 10°C for 72h and transferred to SUC on day 2 (Table 8.2.4, Fig. 
8.2.12). 
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Non-reducing sugars 
Generally, the non-reducing sugar content of the samples from the scapes 
previously dry stored for 72h at 5°C registered an increase as compared to the 
samples from corresponding scapes held at RT irrespective of the transfer to 
various vase solutions. However, almost at each of the temperature regimes the 
non-reducing sugar content was found to be higher in samples from the scapes 
held in SUC as compared to the samples from the corresponding scapes held in 
DW. The non-reducing sugar content decreased sharply with the progression in 
time from day 2 to day 5 of the transfer irrespective of the vase solution. 
Maximum non-reducing sugar content was observed in the samples from the 
scapes previously dry stored at  5°C for 72h and transferred to SUC on day 2 
(Table 8.2.4, Fig. 8.2.13). 
Total sugars 
The total sugar content of the samples from the scapes previously dry stored for 
72h at 5°C registered an increase as compared to the samples from 
corresponding scapes held at RT irrespective of the transfer to various vase 
solutions. However, at each of the temperature regimes the total sugar content 
was found to be higher in samples from the scapes held in SUC as compared to 
the samples from the scapes held in DW. The total sugar content decreased 
sharply with the progression in time from day 2 to day 5 of the transfer 
irrespective of various vase solutions. Maximum total sugar content was 
observed in the samples from the scapes previously dry stored at  10°C for 72h 
and transferred to SUC on day 2 (Table 8.2.4, Fig. 8.2.14). 
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Table 8.2.1: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on vase life, fresh and dry mass of flowers at day 2 & 5 of transfer in Iris 
ensata Thunb. 
Each value is the mean of 6 independent replicates. 
Room temperature= 20±2°C 
 
 
 
 
 
Treatment Vase life 
(days) 
Days of transfer 
Fresh mass (g) Dry mass (g) 
D1 D4 D1 D4 
Set A (DW) 
RT 
10°C 
5°C 
1.5 
3.5 
4.0 
0.198 
0.319 
0.364 
0.043 
0.191 
0.226 
0.038 
0.052 
0.055 
0.041 
0.054 
0.064 
Set B (SUC) 
RT 
10°C 
5°C 
1.5 
3.83 
5 
0.233 
0.374 
0.402 
0.081 
0.102 
0.17 
0.056 
0.061 
0.059 
0.055 
0.066 
0.069 
LSD at P0.05 0.4 0.03 0.002 0.003 0.01 
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Table 8.2.2: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on floral diameter, number of blooms per scape, holding solution absorbed per 
scape on day 1, 4 & 7 of transfer in Iris ensata Thunb. 
Each value is the mean of 6 independent replicates. 
The figures in the parentheses represent percent blooms 
Room temperature= 20±2°C 
 
 
 
 
Treatments 
Days of transfer 
Floral 
diameter 
(cm) 
Number of 
blooms per 
scape 
Holding solution 
absorbed per 
scape (ml) 
Conductivity 
of leachates 
(µS) 
D1 D4 D1 D4 D1 D4 D1 D4 
Set A (DW) 
RT 
 
10°C 
 
5°C 
5.6 
 
6.1 
 
6.9 
- 
 
- 
 
6.3 
0.33 
(7) 
1 
(22) 
1 
(22) 
0.33 
(40) 
1 
(48) 
2 
(100) 
1.33 
 
1 
 
1 
1.83 
 
2.16 
 
2.33 
19.5 
 
7.5 
 
6.5 
39.5 
 
23.7 
 
9 
Set B (SUC) 
RT 
 
10°C 
 
5°C 
5.2 
 
5.9 
 
6.7 
- 
 
5.4 
 
6.2 
0.16 
(3.5) 
1 
(22) 
1 
(22) 
0.17 
(3.5) 
1.83 
(100) 
2 
(100) 
1.33 
 
1 
 
0.83 
1.67 
 
2 
 
2.33 
19 
 
10 
 
8 
38 
 
27.5 
 
7.5 
LSD at P0.05 0.3 0.41 0.02 0.03 0.012 0.023 0.56 1.3 
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Table 8.2.3: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on soluble proteins, specific protease activity, total phenols and α-amino acids 
at day 2 & 5 (D2 & D5) of transfer in Iris ensata Thunb. 
 
Treatments 
Days of transfer 
Soluble proteins 
(mg/g fm) 
Specific 
protease 
activity 
Total 
phenols 
(mg/g fm) 
α-amino 
acids 
(mg/g fm) 
D2 D5 D2 D5 D2 D5 D2 D5 
Set A (DW) 
RT 
 
10°C 
 
5°C 
 
3.2 
 
2.68 
 
2.48 
1.98 
 
0.98 
 
1.02 
1.78 
(902) 
0.78 
(798) 
0.7 
(687) 
2.85 
(890) 
1.94 
(724) 
1.88 
(758) 
2.7 
 
2.6 
 
2 
1.89 
 
1.75 
 
1.02 
25.3 
 
13.6 
 
7.72 
34.6 
 
28.9 
 
23.1` 
Set B (SUC) 
RT 
 
10°C 
 
5°C 
2.76 
 
2.52 
 
2.16 
2.02 
 
2.31 
 
2.22 
2.02 
(731) 
1.48 
(587) 
1.08 
(500) 
2.45 
(887) 
1.62 
(643) 
1.0 
(464) 
3.11 
 
2.22 
 
2 
2.43 
 
2.07 
 
1.73 
22.3 
 
16.4 
 
8.71 
32.7 
 
23.3 
 
16.6 
LSD at P0.05 0.21 0.071 0.043 0.022 0.02 0.07 0.72 1.21 
Each value is the mean of 6 independent replicates. 
Figures in the parentheses represent specific protease activity (µg tyrosine 
equivalents liberated per mg protein) 
Room temperature= 20±2°C 
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Table 8.2.4: Effect of postharvest dry storage (PHDS) at different temperatures 
{5, 10 and RT (22±2°C)} for 72h and subsequent transfer to (DW) and (SUC) 
on total sugars, reducing sugars & non-reducing sugars on day 2 & 5 (D2 & 
D5) of transfer in Iris ensata Thunb. 
 
Treatments 
Days of transfer 
Reducing sugars 
(mg/g fm) 
Non-reducing 
sugars (mg/g fm) 
Total sugars (mg/g 
fm) 
D2 D5 D2 D5 D2 D5 
Set A (DW) 
RT 
10°C 
5°C 
10.61 
11.4 
11.4 
7.04 
4.98 
9.01 
26.89 
17.2 
30.3 
15.17 
10.58 
23.39 
37.5 
28.6 
41.7 
22.21 
15.56 
32.4 
Set B (SUC) 
RT 
10°C 
5°C 
16.11 
17.68 
7.86 
7.01 
9.65 
13.78 
18.19 
30.53 
38.57 
12.79 
23.25 
20.89 
34.3 
48.21 
46.43 
19.8 
32.9 
34.67 
LSD at P0.05 0.021 0.32 1.73 1.09 2.7 1.12 
Each value is the mean of 6 independent replicates. 
Room temperature= 20±2°C 
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                                Fig. 8.2.1                                                       Fig. 8.2.2 
 
 
 
 
                                Fig. 8.2.3                                                Fig. 8.2.4 
Fig. 8.2.1- 8.2.4: Effect of postharvest dry storage (PHDS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on vase life, fresh mass, dry mass and floral diameter in Iris 
ensata Thunb. 
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                                   Fig. 11.5                                               Fig. 11.6 
 
 
 
 
                                Fig. 8.2.7                                                   Fig. 8.2.8 
Fig. 8.2.5- 8.2.8: Effect of postharvest dry storage (PHDS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on volume of holding solution absorbed per scape, no. of 
blooms per scape, conductivity of leachates and soluble proteins in Iris ensata 
Thunb. 
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                              Fig. 8.2.9                                                     Fig. 8.2.10 
 
 
 
                            Fig. 8.2.11                                                  Fig. 8.2.12 
Fig. 8.2.9- 8.2.12:  Effect of postharvest dry storage (PHDS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on specific protease activity, α-amino acids, total phenols and 
reducing sugars in Iris ensata Thunb. 
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                                  Fig. 8.2.13                                                 Fig. 8.2.14 
Fig. 8.2.13- 8.2.14: Effect of postharvest dry storage (PHDS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on non-reducing sugars and total sugars in Iris ensata Thunb. 
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Plate 8.2.1 
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Plate 8.2.1 
Effect of postharvest dry storage (PHDS) for 72 h at room 
temperature (RT), 10˚C and 5˚C before transfer to DW and SUC 
(0.1M) in cut scapes of Iris ensata. 
Fig. (a): From left to right are arranged scapes before dry storage for 
72 h. 
Fig. (b): From left to right are arranged scapes after dry storage for 
72 h. 
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Plate 8.2.2 
 
 
 
 
 
 
 
 
 RT-DW       RT-SUC          10˚C-DW          10˚C-SUC         5˚C-DW         5˚C-SUC 
 RT-DW       RT-SUC          10˚C-DW          10˚C-SUC         5˚C-DW         5˚C-SUC (a) 
 
 
 
 
(b) 
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Plate 8.2.2 
Scapes of Iris ensata held in distilled water (DW) and sucrose (SUC) 
after 72 h dry storage at day 1 of transfer (Fig. a) and day 4 of 
transfer (Fig. b). 
From left to right are arranged flasks containing scapes which were 
previously held at different temperatures {(RT, 20±3˚C), 10˚C and 
5˚C} and in different vase solutions {DW and SUC}. 
 
 
 
 
 
 
 
 
M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 258 
 
EXPERIMENT – 8.3 
Effect of postharvest wet storage (PHWS) at different temperatures {5, 10 
and RT (20±2
o
C)} for 72 h and subsequent transfer to vase solutions 
{distilled water (DW) and sucrose (SUC)} on postharvest performance of 
cut scapes of Iris ensata. 
Experimental 
Uniform and healthy scapes of Iris ensata growing in the Kashmir University 
Botanic garden (KUBG) were used for this study. The buds were harvested at 
1200 h with their oldest bud at 1 day before anthesis (pencil stage). The 
harvested scapes were immediately brought to the laboratory, cut to a uniform 
length of 18 cms. The scapes were held in distilled water (DW) in separate 500 
ml borosilicate glass beakers and kept at 5 and 10
º
C. A separate set of scapes 
was kept at room temperature (20±2
º
C).After 72 h the scapes were kept at room 
temperature after transferring them to 100 ml Ehrlenmeyer flasks containing 80 
ml of vase solution {Distilled water (DW) and Sucrose (SUC) 0.1 M}. Each 
treatment was represented by 5 replicates (flasks) with each flask containing 
two scapes. The day of transfer of scapes to vase solutions (DW and SUC) was 
designated as day zero. The average vase life of scapes was counted from the 
day of transfer of scapes to holding solution and was regarded to be terminated 
when the last flower had lost its display value (marked by color change and 
flaccidity of tepals). Visual changes were observed at periodic intervals. Floral 
diameter, volume of holding solution absorbed and number of blooms was 
estimated on day 1 and 4. Fresh mass and dry mass was estimated on day 1 and 
4. Conductivity of leachates (µS) from tepal discs of flowers was recorded on 
day 1 and 4 after transfer of scapes to vase solutions. Changes in tissue 
constituents including soluble proteins, α- amino acids, phenolics and sugar 
fractions were estimated on day 2 and day 5 of transfer to vase solution (DW 
and SUC). The data has been expressed both on fresh mass and per flower 
basis. The results have been analyzed statistically and LSD computed at P0.05 
using MINITAB (v15.1.2-EQUINOX_Softddl.net) software. 
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Results 
Visible effects 
The scapes wet stored for 72 h at 5°C maintained their premature status during 
storage, but the scapes kept at 10°C were partially open (Plate 8.3.1, Fig a and 
b). However, the oldest flower buds previously at 1 day before anthesis on 
scapes wet stored at room temperature (20±2°C) bloomed and senesced during 
storage (Plate 8.3.2, Fig a and b). Flower senescence was characterized by 
inrolling of tepals and color change from violet-blue to pale. Flower senescence 
was observed to be same as was the case under the field conditions. 
Vase life 
The average vase life of scapes previously wet stored at various temperature 
regimes i.e. RT (20±2°C), 10 and 5°C before transfer to DW was 
approximately 1, 1 and 2 days respectively; whereas the vase life of the 
corresponding scapes wet stored at RT (20±2°C), 10 and 5°C before transfer to 
SUC was approximately 1, 2, 6 days respectively. The maximum vase life was 
recorded in scapes wet stored at 5°C before transfer to SUC was 6 days (Table 
8.3.1; Fig. 8.3.1). 
Fresh and Dry mass 
The fresh and dry mass of the samples from scapes previously wet stored for 
72h at 10 and 5°C registered an increase as compared to the flowers from the 
corresponding scapes held at RT (20±2°C) irrespective of the holding solution. 
However, almost at each of the temperature regimes both fresh and dry mass 
was found to be higher in the flowers from scapes held in DW as compared to 
the flowers from the corresponding scapes held in SUC. Fresh and dry mass 
decreased with the progression in time from day 1 to day 4 of transfer 
irrespective of the treatments. Maximum value of fresh and dry mass was 
recorded in the flowers from scapes previously wet stored at 5°C for 72h and 
transferred to DW on day 1 (Table 8.3.1, Fig. 8.3.2, 8.3.3). 
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Floral diameter 
The diameter of flowers from the scapes previously wet stored at 10 and 5°C 
was higher as compared to the flowers from the corresponding scapes held at 
RT (20±2°C) irrespective of the holding solution. Floral diameter registered a 
consistent decrease with the progression in time from day 1 to day 4 of transfer 
irrespective of the treatments. By and large, the floral diameter was found to be 
higher in the flowers from scapes held in SUC as compared to the flowers from 
the corresponding scapes held in DW. Floral diameter was maximum in the 
flowers of the scapes previously wet stored at 5°C for 72h and transferred to 
SUC on day 1 (Table 8.3.2, Fig. 8.3.4). 
Number of blooms per scape 
The number of blooms increased with progression in time from D1 to D4 of the 
transfer of scapes to various holding solutions irrespective of the particular 
temperature regime and holding solution. Scapes previously wet stored at 5°C 
and transferred to SUC exhibited 100% blooming by day 4. However, at each 
of the temperature regimes the number of blooms per day was found to be 
higher in the scapes held in SUC as compared to corresponding scapes held in 
DW. Complete and sustained blooming was exhibited in scapes previously wet 
stored at 5°C and transferred to DW and SUC by day 4  (Table 8.3.2, Fig. 
8.3.6). 
Volume of holding solution absorbed 
The volume of holding solution absorbed increased with progression in time 
from day 1 to day 4 of the transfer of scapes to various vase solutions 
irrespective of the particular temperature regime and holding solution. The 
solution uptake was significantly higher in scapes previously wet stored for 72h 
at 10 and 5°C as compared to the corresponding scapes held at RT irrespective 
of the holding solution. The maximum solution uptake was noticed in the 
scapes previously wet stored at 10°C for 72h and transferred to DW on D4 
(Table 8.3.2, Fig. 8.3.5). 
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Conductivity of leachates 
The electrical conductivity of leachates estimated as ion leakage of tepal discs 
(µS) registered a decrease in samples previously wet stored for 72h at 10 and 
5°C as compared to the corresponding samples from the scapes held at RT 
irrespective of the holding solution. However, at each of the temperature 
regimes the leachates were found to be less in samples from the scapes held in 
SUC as compared to corresponding scapes held in DW. The ion leakage of the 
tepal discs increased with the progression in time from day 1 to day 4 
irrespective of the holding solution used. Least electrical conductivity of 
leachates was found in the samples from the scapes previously wet stored at 
5°C for 72h and transferred to SUC on day 1 (Table 8.3.2, Fig. 8.3.7). 
Soluble proteins 
The soluble protein content of the samples from scapes previously wet stored at 
10 and 5°C for 72h registered a consistent and significant decrease as compared 
to the samples from corresponding scapes held at RT irrespective of the 
transfer to various holding solutions. However, almost at each of the 
temperature regimes the soluble protein content was found to be higher in the 
scapes held in SUC as compared to samples from corresponding scapes held in 
DW. The soluble protein content decreased slightly with the progression in 
time from day 1 to day 5. Maximum protein content was found in the samples 
from scapes previously wet stored at RT for 72h and transferred to SUC on day 
1 (Table 8.3.3, Fig. 8.3.8). 
Specific protease activity 
Specific protease activity (expressed as µg tyrosine equivalents released per mg 
protein) of the samples from the scapes previously wet stored at 10 and 5°C for 
72h was lower as compared to the corresponding scapes held at RT irrespective 
of the nature of holding solution used. Maximum specific protease was 
observed in the samples from the scapes previously wet stored for 72h at RT 
and transferred to SUC on day 2 (Table 8.3.3, Fig. 8.3.9). 
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α- amino acids 
A lower α- amino acid content was maintained in the samples from the scapes 
previously wet stored at 10 and 5°C for 72h as compared to the samples from 
the corresponding scapes held at RT irrespective of the nature of holding 
solution. However, the α- amino acids increased with the progression in time 
from day 2 to day 5 of the transfer of scapes irrespective of the particular 
temperature regime and holding solution used. At each of the particular 
temperature regimes the α- amino acid content of the samples was more in 
scapes held in DW as compared to corresponding scapes held in SUC. The 
lowest α- amino acid content was noticed in the samples from the scapes 
previously wet stored at 5°C and transferred to SUC on day 2 (Table 8.3.3, Fig. 
8.3.10). 
Total phenolics 
A lower phenolic content was usually maintained in the samples from the 
scapes previously wet stored at 10 and 5°C for 72h as compared to the samples 
from the corresponding scapes held at RT irrespective of the holding solution 
used. At each of the particular temperature regimes the phenolic content of the 
samples was more in scapes held in SUC as compared to corresponding scapes 
held in DW. The total phenolic content decreased with the progression in time 
from day 2 to day 5 irrespective of the holding solution used. The maximum 
phenolic content was noticed in the samples from the scapes previously wet 
stored at RT and transferred to SUC on day 2 (Table 8.3.3, Fig. 8.3.12). 
Reducing sugars 
The reducing sugar content decreased largely with the progression in time from 
day 2 to day 5 from the transfer irrespective of the treatments. However almost 
at each of the temperature regimes reducing sugar content was found to be 
higher in the samples held in SUC as compared to the corresponding scapes 
held in DW. The reducing sugar content of the samples from the scapes 
previously wet stored for 72h at 10 and 5°C registered a significant decrease as 
compared to the samples from corresponding scapes held at RT irrespective of 
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the transfer to various vase solutions on day 2. Maximum reducing sugar 
content was observed in the samples from the scapes previously wet stored at  
10°C for 72h and transferred to SUC on day 2 (Table 8.3.4, Fig. 8.3.12). 
Non-reducing sugars 
The non-reducing sugar content of the samples from the scapes previously wet 
stored for 72h at 5°C registered an decrease as compared to the samples from 
corresponding scapes held at RT irrespective of the transfer to various vase 
solutions. The non-reducing sugar content decreased sharply with the 
progression in time from day 2 to day 6 of the transfer irrespective of the 
treatments. Maximum non-reducing sugar content was observed in the samples 
from the scapes previously wet stored at 10°C for 72h and transferred to SUC 
on day 2 (Table 8.3.4, Fig. 8.3.13). 
Total Sugars 
The total sugar content of the samples from the scapes previously wet stored 
for 72h at 10 and 5°C registered a significant decrease as compared to the 
samples from corresponding scapes held at RT irrespective of the transfer to 
various vase solutions on day 2. However, almost at each of the temperature 
regimes the total sugar content was found to be higher in samples from the 
scapes held in SUC as compared to the samples from the scapes held in DW. 
The total sugar content decreased profoundly with the progression in time from 
day 2 to day 5 of the transfer irrespective of the treatments. Maximum total 
sugar content was observed in the samples from the scapes previously wet 
stored at  10 °C for 72h and transferred to SUC on day 2 (Table 8.3.4, Fig. 
8.3.14). 
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Table 8.3.1: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on vase life, fresh and dry mass of flowers at day 2 & 5 (D2 
& D5) of transfer in Iris ensata Thunb. 
Treatments Vase life 
(days) 
Days of transfer 
Fresh mass (g) Dry mass (g) 
D1 D4 D1 D4 
Set A (DW) 
RT 
10°C 
5°C 
1 
1.5 
2.3 
0.279 
0.447 
0.537 
0.063 
0.087 
0.191 
0.055 
0.062 
0.071 
0.048 
0.052 
0.057 
Set B (SUC) 
RT 
10°C 
5°C 
1.33 
2.33 
5.5 
0.277 
0.447 
0.469 
0.094 
0.101 
0.239 
0.059 
0.069 
0.061 
0.056 
0.058 
0.064 
LSD at P0.05 0.3 0.009 0.002 0.001 0.002 
Each value is the mean of 6 independent replicates. 
Room temperature= 20±2°C 
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Table 8.3.2: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on floral diameter, number of blooms per scape, holding 
solution absorbed per scape on days 1, 4 & 7 (D1, D4 & D7) of transfer in Iris 
ensata Thunb. 
Each value is the mean of 6 independent replicates. 
The figures in the parenthesis represent percent blooms 
Room temperature= 20±2°C 
 
 
 
Treatments 
Days of transfer 
Floral 
diameter 
(cm) 
Number of 
blooms per 
scape 
Holding 
solution 
absorbed 
per scape 
(ml) 
Conductivity 
of leachates 
D1 D4 D1 D4 D1 D4 D1 D4 
Set A (DW) 
RT 
 
10°C 
 
5°C 
5.1 
 
6.2 
 
6.0 
- 
 
- 
 
5.7 
0.33 
(7) 
1 
(22) 
1 
(27) 
0.33 
(40) 
2 
(67) 
2.33 
(100) 
0.66 
 
0.83 
 
0.5 
1.67 
 
2.16 
 
1.69 
24.5 
 
9.5 
 
5.6 
43.2 
 
21.5 
 
7.5 
Set B (SUC) 
RT 
 
10°C 
 
5°C 
5.3 
 
6.4 
 
7.03 
- 
 
6.23 
 
6.33 
0.17 
(4) 
1 
(27) 
1 
(26) 
0.17 
(40) 
2.33 
(92) 
3 
(100) 
0.83 
 
0.5 
 
0.5 
1.5 
 
1.5 
 
2 
23.5 
 
9.5 
 
5.5 
31 
 
13.5 
 
6.2 
LSD at P0.05 0.32 0.02 0.002 0.001 0.003 0.021 0.71 1.73 
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Table 8.3.3: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on soluble proteins, specific protease activity, total phenols 
and α-amino acids at day 2 & 5 (D2& D5) of transfer in Iris ensata Thunb. 
 
Treatments 
Days of transfer 
Soluble 
proteins 
(mg/g fm) 
Specific protease 
activity 
Total 
phenols 
(mg/g fm) 
α-amino acids 
(mg/g fm) 
D2 D5 D2 D5 D2 D5 D2 D5 
Set A (DW) 
RT 
 
10°C 
 
5°C 
2.14 
 
2 
 
1.6 
1.34 
 
0.89 
 
0.85 
1.96 
(691) 
0.83 
(416) 
1.09 
(682) 
1.25 
(923) 
0.88 
(992) 
0.76 
(902) 
2.55 
 
2.04 
 
1.78 
1.76 
 
1.65 
 
1.48 
19.06 
 
15.93 
 
12.5 
23.78 
 
19.09 
 
13.8 
Set B (SUC) 
RT 
 
10°C 
 
5°C 
2.24 
 
1.84 
 
1.52 
1.82 
 
1.32 
 
1.21 
2.12 
(948) 
0.7 
(381) 
0.38 
(253) 
1.11 
(912) 
1.04 
(789) 
0.99 
(821) 
3.44 
 
2.67 
 
2.22 
2.98 
 
2.17 
 
1.01 
15.93 
 
15.12 
 
7.56 
21.05 
 
18.7 
 
9.56 
LSD 0.07 0.034 0.024 0.022 0.13 0.07 1.1 1.34 
Each value is the mean of 6 independent replicates. 
Figures in the parenthesis represent specific protease activity (µg tyrosine 
equivalents liberated per mg protein) 
Room temperature= 20±2°C 
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Table 8.3.4: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on total sugars, reducing sugars & non-reducing sugars on 
day 2 & 5 of transfer in Iris ensata Thunb. 
 
Treatments 
Days of transfer 
Reducing sugars 
(mg/g fm) 
Non-reducing 
sugars (mg/g fm) 
Total sugars   
(mg/g fm) 
D2 D5 D2 D5 D2 D5 
Set A (DW) 
RT 
10°C 
5°C 
12.96 
15.32 
16.12 
5.21 
3.67 
2.56 
28.12 
23.96 
24.96 
3.22 
3.07 
1.65 
41.07 
39.28 
41.07 
8.43 
6.74 
4.21 
Set B (SUC) 
RT 
10°C 
5°C 
17.68 
23.96 
12.19 
7.32 
5.06 
3.22 
37.68 
42.12 
16.38 
4.55 
1.86 
1.76 
55.36 
66.07 
28.57 
12.87 
6.92 
4.98 
LSD at P0.05 0.81 0.11 0.34 0.41 0.73 0.41 
Each value is the mean of 6 independent replicates. 
Room temperature= 20±2°C 
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         Fig. 8.3.1                                                      Fig. 8.3.2 
 
 
 
      Fig. 8.3.3                                                     Fig. 8.3.4 
Fig. 8.3.1- 8.3.4: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on vase life, fresh mass, dry mass and floral diameter in Iris 
ensata Thunb. 
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        Fig. 8.3.5                                               Fig. 8.3.6 
 
 
 
         Fig. 8.3.7                                            Fig. 8.3.8 
Fig. 8.3.5- 8.3.8: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on volume of holding solution absorbed per scape, no. of 
blooms per scape, conductivity of leachates and soluble proteins in Iris ensata 
Thunb. 
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               Fig. 8.3.9                                                    Fig. 8.3.10 
 
 
 
        Fig. 8.3.11                                         Fig. 8.3.12 
Fig. 8.3.9- 8.3.12: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on specific protease activity, α-amino acids, total phenols and 
reducing sugars in Iris ensata Thunb. 
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         Fig. 8.3.13                                            Fig. 8.3.14 
Fig. 8.3.13 -8.3.14: Effect of postharvest wet storage (PHWS) at different 
temperatures {5, 10 and RT (22±2°C)} for 72h and subsequent transfer to 
(DW) and (SUC) on non-reducing sugars and total sugars in Iris ensata Thunb. 
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Plate 8.3.1 
 
 
 
 
          RT                     10˚C                  5˚C 
         RT                      10˚C                  5˚C 
(a) 
 
 
 
 
 
 
(b) 
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Plate 8.3.1 
Effect of postharvest wet storage (PHWS) for 72 h at room 
temperature (RT), 10˚C and 5˚C before transfer to DW and SUC 
(0.1M) in cut scapes of Iris ensata. 
Fig. (a): From left to right are arranged scapes before wet storage for 
72 h. 
Fig. (b): From left to right are arranged scapes after wet storage for 
72 h. 
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Plate 8.3.2 
 
 
 
 
 
 
 
(a) 
 
 
 
 
(b) 
 
        RT-DW         RT-SUC          10˚C-DW      10˚C-SUC         5˚C-DW        5˚C-SUC 
  RT-DW          RT-SUC            10˚C-DW          10˚C-SUC        5˚C-DW          5˚C-SUC 
M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 275 
 
 
 
 
 
Plate 8.3.2 
Scapes of Iris ensata held in distilled water (DW) and sucrose (SUC) 
after 72 h wet storage at day 1 of transfer (Fig. a) and day 4 of 
transfer (Fig. b). 
From left to right are arranged flasks containing scapes which were 
previously held at different temperatures {(RT, 20±3˚C), 10˚C and 
5˚C} and in different vase solutions {DW and SUC}. 
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CHAPTER: 9 
Flower development and senescence in Ixia sp. 
 
Flower of Ixia sp. in full bloom 
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Ixia sp. 
Botanical name:    Ixia sp. 
Family:      Iridaceae 
Flowering period:      April- June 
Plant height:      40-60 cms 
Number of tepals:     6 (3+3) 
Number of Stamens:    3 
Number of Carpels:    3 
Fruit:       Capsule 
Flower longevity:     1 days 
Symptoms and pattern of senescence:        
 
 
 
 
 
 
 
 
 
 
 
The flower senescence in Ixia is 
marked by the loss of tepal 
turgidity at tepal margins followed 
by inward rolling of tepal tips.  
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EXPERIMENT 9.1 
Physiological and biochemical changes associated with flower development 
and senescence in Ixia sp. 
Experimental 
Flowers of Ixia sp. growing in Kashmir University Botanic Garden (KUBG) 
were selected for the present study. Flower development and senescence was 
divided into five stages (I-V). These stages were deciphered as tight bud stage, 
mature bud stage, fully open stage, partially senescent stage and senescent 
stage (Plate 9.1.1 Fig. a). Visible changes were recorded throughout flower 
development and senescence. Floral diameter, fresh and dry mass were 
determined at each stage. 
For the estimation of tissue constituents, 1g chopped material from tepal tissue 
was fixed in hot 80% ethanol at each stage of flower development and 
senescence. The material was macerated and centrifuged three times. The 
supernatants were pooled and used for the estimation of reducing sugars, non-
reducing sugars, total sugars, α-amino acids and total phenols from the suitable 
aliquots. Non- reducing sugars were calculated as the difference between total 
and reducing sugars. Soluble proteins were extracted from 1g of tepal tissue 
drawn separately from five different flowers at each of the five stages. Protease 
activity has been expressed as µg tyrosine equivalents liberated per 100mg 
fresh mass, besides specific protease activity has been computed as µg tyrosine 
liberated per mg protein. At each stage the homogenates from the tepal tissues 
were used for studying electrophoretic profiles of proteins by SDS-PAGE. The 
tissue was homogenized in 0.1M phosphate buffer (pH=7.2). 80µl of aliquot 
was loaded in each lane. Each value represented in the tables corresponds to the 
mean of five to ten independent replicates. The data has been analyzed 
statistically by computing standard deviation. 
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Results 
Visible changes 
The flower senescence in Ixia spp. is marked by the loss of tepal turgidity 
followed by inrolling of tepal tips. The greenish buds open into blue- violet 
flowers. The light blue tepals turn pale during senescence (Plate 9.1.1). The 
average life span of an individual flower after it opens fully is 2 days. 
Floral diameter 
Flower diameter increased as the flower development progresses upto Stage IV 
and thereafter showed a constant decrease (Table 9.1.1, Fig 9.1.1). 
Fresh mass, dry mass and water content of flowers 
Fresh mass and dry mass increased with flower development upto stage IV and 
declined thereafter as the flower development progressed towards senescence. 
Water content showed a constant increase upto stage IV and a decline 
thereafter as the flower senescence progressed through stages V and VI (Table 
9.1.1, Fig 9.1.2, 9.1.3, 9.1.4). 
Soluble proteins 
The concentration of soluble proteins showed a consistent increase throughout 
flower development and senescence. The increase in the soluble protein content 
was also registered throughout flower development and senescence when the 
data was expressed on mg per flower basis (Table 9.1.2, Fig 9.1.5). 
Protease activity 
The specific protease activity (expressed as µg tyrosine equivalents per mg 
protein) increased during flower development from stages I to VI. The increase 
was marked when the flower senescence progressed through stages V and VI 
(Table 9.1.2, Fig 9.1.6). 
α- amino acids 
The α-amino acids content increased from stage I to II, remained almost 
constant from stages II to IV and thereafter increased upto stage VI. However 
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when the data was expressed on per flower basis, the amino acid content  
increased upto stage IV or V and decreased sharply thereafter (Table 9.1.2, Fig 
9.1.7). 
Total phenols 
The tissue concentration of total phenols decreased upto stage IV and increased 
thereafter as the flower senescence progressed through stages V and VI. 
However, when the data was expressed on per flower basis, a consistent 
increase was recorded upto stage IV or V followed by a decline thereafter at 
stage VI (Table 9.1.2, Fig 9.1.8). 
Reducing Sugars 
The tissue concentration of reducing sugars increased through various stages of 
flower development from stage I to stage IV and decreased thereafter as the 
flower senescence progressed from stages IV to VI. Almost similar trend was 
observed when the data was expressed on mg per flower basis (Table 9.1.3, 
Fig. 9.1.9). 
Non-reducing sugars 
The tissue content of non-reducing sugars decreased from stage I to II followed 
by a sharp increase as the flowers opened at stage IV. A sharp decline in the 
non-reducing sugar content occurred as the flower senescence progressed 
through stage V and VI. Almost similar trend was observed when the data was 
expressed on mg per flower basis (Table 9.1.3, Fig. 9.1.10). 
Total sugars 
The tissue content of total sugars showed a continuous increase as the flower 
development progressed from stage I to IV and decreased thereafter as the 
flower development progressed through senescence from stage IV to VI. 
However, when the data was expressed on per flower basis, the total sugar 
content increased as the flowers progressed through various developmental 
stages from stage I to IV and declined sharply thereafter during senescence 
from stages IV to VI (Table 9.1.3, Fig 9.1.11). 
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Table 9.1.1: Floral diameter, fresh mass, dry mass and water content during 
development and senescence in flowers of Ixia sp. 
Stages of flower 
development 
Flower 
diameter 
(cm) 
Fresh mass   
(g flower
-1
) 
Dry mass (g 
flower
-1
) 
Water content 
(g flower
-1
) 
I 
(tight bud stage) 
 
0.38±0.027 
 
0.080±0.01 
 
0.009±0.0005 
 
0.071±0.003 
II 
(mature bud 
stage) 
 
0.56±0.054 
 
0.122±0.011 
 
0.014±0.001 
 
0.108±0.007 
III 
(pencil stage) 
 
0.9±0.070 
 
0.215±0.02 
 
0.021±0.004 
 
0.194±0.01 
IV 
(fully open stage) 
 
5.48±0.12 
 
0.495±0.01 
 
0.036±0.002 
 
0.459±0.012 
V 
(partially 
senescent stage) 
 
1.47±0.09 
 
 
0.380±0.021 
 
0.016±0.002 
 
0.364±0.009 
VI 
(senescent stage) 
 
0.59±072 
 
0.052±0.005 
 
0.011±0.001 
 
0.041±0.003 
Each value is a mean of 10 independent replicates ±SD. 
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Table 9.1.2: Soluble proteins, α-amino acids, phenols (expressed as mg g-1 
fresh mass) and specific protease activity (expressed as µg tyrosine equivalents 
liberated per mg protein) during development and senescence in flowers of Ixia 
sp. 
Each value is a mean of 6 independent replicates ±SD. 
Figures in the parentheses represent values on per flower basis. 
Figures in *parentheses represent values as µg tyrosine liberated per 100 mg 
fresh mass. 
 
 
 
 
Stages of flower 
development 
Soluble 
proteins 
Specific 
Protease 
activity 
α-amino 
acids 
Total phenols 
I 
(tight bud stage) 
0.45±0.02 
(0.036) 
0.203±0.02 
*(453) 
4.93±0.21 
(0.39) 
2.22±0.03 
(0.18) 
II 
(mature bud stage) 
0.55±0.01 
(0.067) 
0.31±0.02 
*(573) 
8.03±0.13 
(0.99) 
1.83±0.05 
(0.22) 
III 
(pencil stage) 
0.61±0.03 
(0.131) 
0.36±0.01 
*(595) 
8.17±0.4 
(1.76) 
1.72±0.03 
(0.37) 
IV 
(fully open stage) 
0.72±0.05 
(0.356) 
0.48±0.02 
*(662) 
7.6±0.11 
(3.76) 
1.28±0.04 
(0.63) 
V 
(partially senescent 
stage) 
1.08±0.02 
(0.41) 
0.91±0.05 
*(845) 
9.6±0.3 
(3.65) 
1.64±0.03 
(0.62) 
VI 
(senescent stage) 
1.64±0.07 
(0.59) 
1.63±0.06 
*(995) 
10.24±0.45 
(0.53) 
1.98±0.09 
(0.1) 
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Table 9.1.3: Reducing sugars, non-reducing sugars and total sugars (expressed 
as mg g
-1 
fm) during development and senescence in flowers of Ixia sp. 
Each value is a mean of 10 independent replicates ±SD. 
Figures in the parentheses represent values on per flower basis. 
 
 
 
Stages of flower 
development 
Reducing 
sugars 
Non-reducing 
sugars 
Total sugars 
I 
(tight bud stage) 
9.64±0.3 
(0.77) 
15.36±0.3 
(1.23) 
25±0.5 
(2) 
II 
(mature bud stage) 
15.53±0.19 
(1.89) 
12.15±0.4 
(1.48) 
27.68±0.7 
(3.38) 
III 
(about to open 
stage) 
44.36±0.9 
(9.54) 
16.71±0.21 
(3.6) 
61.07±0.9 
(13.13) 
IV 
(fully open stage) 
61.07±1.09 
(30.23) 
23.75±0.5 
(11.76) 
84.82±1.3 
(41.98) 
V 
(partially senescent 
stage) 
32.86±0.74 
(12.49) 
11.68±0.41 
(4.44) 
44.54±1.1 
(16.92) 
VI 
(senescent stage) 
15.57±0.21 
(0.81) 
5.88±0.17 
(0.31) 
21.45±0.5 
(1.12) 
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                            Fig. 9.1.1                                               Fig.9.1.2 
 
 
                            Fig. 9.1.3                                               Fig.9.1.4 
 
Fig. 9.1.1 – 9.1.4: Changes in floral diameter, fresh and dry mass of flowers 
and water content of flowers at various stages of floral development and 
senescence in Ixia spp.. 
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                      Fig. 9.1.5                                             Fig.9.1.6 
 
 
                            Fig. 9.1.7                                                  Fig. 9.1.8 
 
Fig. 9.1.5 -9.1.8: Changes in soluble proteins, specific protease activity, α- 
amino acids and total phenols at various stages of flower development and 
senescence in Ixia sp. 
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                           Fig. 9.1.9                                                  Fig. 9.1.10 
 
 
  Fig.9.1.11 
 
Fig. 9.1.9-9.1.11: Changes in reducing sugars, non-reducing sugars and total 
sugars at various stages of flower development and senescence in Ixia sp. 
 
 
 
0
10
20
30
40
50
60
70
I II III IV V VI
R
e
d
u
ci
n
g 
su
ga
rs
Stages of flower development and 
senescence
mg g-1 fm mg flower-1
0
5
10
15
20
25
30
I II III IV V VI
N
o
n
-r
e
d
u
ci
n
g 
su
ga
rs
Stages of flower development and 
senescence
mg g-1 fm mg flower-1
0
10
20
30
40
50
60
70
80
90
100
I II III IV V VI
To
ta
l s
u
ga
rs
Stages of flower development and 
senescence
mg g-1 fm mg flower-1
M. Phil dissertation  Syed Sabhi Ahmad 
 
P.G. Department of Botany Page 287 
 
 
 
 
Fig. a: Stages of flower development and senescence in Ixia sp. 
   
 
 
Fig. b: Electrophoretogram of the stages of flower development and 
senescence 
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Plate 9.1.1 
Fig. a: Stages of flower development and senescence in Ixia sp.; stages (I to 
VI) in the figure represents; I (Tight bud stage), II (Mature bud stage), III 
(Pencil stage), IV (Fully open stage), V (Partially senescent stage), VI 
(Senescent stage). 
 
Fig. b: SDS-PAGE of equal amounts of extractable protein at various 
stages (I to VI) of flower development and senescence from tepal tissues of 
Ixia sp. The gel was stained with coomassie blue. Numbers above lanes 
correspond to developmental stages. Molecular weight standards are 
indicated on the left (kDa) and the ca molecular weights of major 
polypeptides to the right of the gel (kDa) 
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The present study was aimed to gain an insight into the mechanism of flower 
senescence with the ultimate aim to delay it and to develop proper handling and 
storage techniques to improve the quality of some ornamental flowers 
belonging to Iridaceae. The plants studied included Iris versicolor L, I. 
germanica L, I. kashmiriana Baker, Iris ensata Thunb and Ixia sp L. An 
attempt was made to develop adequate handling and storage techniques so as to 
improve the vase life and maintain quality with respect to marketing in Iris 
versicolor, I. germanica, I. kashmiriana and Iris ensata. 
Flower senescence is a developmentally controlled and genetically 
programmed processes under tight developmental control and involves 
degradation of proteins, lipids, carbohydrates and nucleic acids (Winkenbach, 
1970a, b; Baumgartner et al., 1975; Reid and Wu, 1992; Sultan and Farooq, 
1996; Rubinstein, 2000; Eason et al., 2002; Wagstaff et al., 2002; van Doorn 
2004; Hoeberichts et al., 2005; Zhou et al., 2005; Eason, 2006; Tripathi  and 
Tuteja,  2007; Price et al., 2008;  Shibuya et al; 2008; van Doorn and 
Woltering, 2008; Yamada et al., 2009; Shahri et al., 2011a). The senescence 
per se leads to the death of cells, organs or whole organism, regulated by plant 
age and other intrinsic or extrinsic cues (Buchanan Wollaston, 1997; Hopkins 
et al., 2007; Lim et al., 2007). The proper understanding about regulation of 
flower senescence, is basic and imperative for the development of postharvest 
handling protocols so as to improve vase life and maintain quality of cut 
flowers. Also flower senescence is viewed as a model to understand the basic 
mechanism underlying the process of senescence in plants. 
Flower senescence in many species is regulated by ethylene and as such a 
distinction is made, about the recognition of ethylene sensitive and in-sensitive 
flower systems (Woltering and van Doorn, 1988; Stead and van Doorn, 1994; 
van Doorn, 2001). Keeping in view the diversity of floral behavior and the 
importance of flower trade at the global level it is realized that detailed studies 
are required to fully understand the process in different families, genera, 
species and perhaps even cultivars (Reid, 2005). Depending on the species, 
petal/tepal senescence is visibly shown by wilting or abscission or even wilting, 
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followed by abscission. During the present study, flower senescence was 
studied in five different species belonging to the ethylene insensitive family 
Iridaceae. Tepal wilting rather than abscission was generally found to be the 
initial symptom of senescence, which was followed by a change in tepal color 
(from blue to yellow in Iris versicolor; pale blue to deep blue in Iris 
germanica; creamish white to pale yellow in Iris kashmiriana; blue-violet to 
pale in Iris ensata and from white to pale white in Ixia sp.). The tepals lost 
structural integrity, turgidity, became water soaked and abscised leaving behind 
the pistil which registered an increase in its size and finally developed into fruit 
(capsule). Flower senescence was almost similar in all the species studied. 
However, wilting of tepals was followed by an immediate abscission of the 
floral buds in the scape of Iris germanica, I. ensata and I. kashmiriana. 
Senesced flowers of I. versicolor detached from the scape after complete 
wilting and senescence of tepals while as the senesced flowers of Ixia sp. 
showed persistent attachment with the scape even after complete wilting and 
senescence.  
During the present investigation the senescence was found to be accompanied 
with the decrease in fresh and dry mass of flowers, increase in the electrical 
conductivity of ion leachates, protein degradation, enhanced protease activity, 
total phenols and a reduction in the pool of respiratory sugars besides an 
increase in the content of α-amino acids. Membrane permeability has been 
shown to increase with age in flowers belonging to various genera such as 
roses, Helleborus, Consolida, Hemerocallis, Dianthus, Iris and Petunia 
(Borochov and Woodson, 1989; Stead and van Doorn, 1994; Celikel and van 
Doorn, 1995; van Doorn, 2004; Gulzar et al., 2005; Shahri et al., 2011a; 
Shahri, and Tahir 2011c). It has been suggested that leakage may rather be an 
indicator of cell death and its increase a measure of dead cells (van Doorn and 
Woltering, 2008). An overall decrease in cell protein levels has been reported 
in various ethylene sensitive (Alstroemeria, Petunia)and ethylene-insensitive 
(Hemerocallis, Ranunculus) flower senescence (van Doorn and Stead 1994; 
Panavas et al., 1999; Wagstaff et al., 2002; Jones et al., 2005; van Doorn and 
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Woltering 2008; Shahri and Tahir, 2011c). During the current study it was 
observed that the increased protease activity was commensurate with a 
decrease in soluble proteins in the flowers of Iris versicolor, Iris germanica, 
Iris kashmiriana except Iris ensata where protein content showed an increase 
throughout flower development and senescence. This can be due to the 
upregulation of senescence associated proteins (so called death proteins) during 
flower senescence. The expression of transcript encoding proteases has been 
suggested to be one of the earliest senescence-related gene changes (Eason et 
al., 2002). A marked increase in the protease activity during tepal senescence 
has also been reported in flowers from plants such as Hemerocallis, Iris, 
Ranunculus, Consolida, Helleborus and Petunia (Stephenson and Rubinstein, 
1998; Pak and van Doorn, 2005; Jones et al., 2005; Shahri and Tahir, 2011c; 
Shahri et al., 2011a). 
SDS-PAGE of proteins from tepal tissues in Iris versicolor and I. kashmiriana 
generally revealed a decrease in both high and low molecular weight proteins. 
In Iris germanica, however, SDS-PAGE of proteins from tepals tissues did not 
reveal any such decrease in the qualitative expression of proteins, but some 
proteins were found to show a differential expression during various stages of 
flower development and senescence (stage I-VI). This corroborates with the 
finding on flowers of Ranunculus species (Shahri and Tahir, 2011c). In case of 
Iris ensata SDS-PAGE of proteins from tepal tissues generally revealed a 
decrease in high molecular weight proteins and an increase in the low 
molecular weight proteins. Similar finding have been shown in petal tissue of 
flowers such as Hibiscus, Hemerocallis, Helleborus and Consolida (Woodson 
and Handa, 1987; Courtney et al., 1994; Shahri and Tahir, 2011d; Shahri et al., 
2011a). In Iris ensata, the polypeptide having approximated molecular weight 
of 4.2 kDa showed up, but at this stage it is not known whether this polypeptide 
has a role in flower senescence of Iris ensata. These findings suggest that the 
regulation of flower senescence is linked to protein turnover and some so called 
“suicidal or death proteins” orchestrate petal senescence. 
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During the present course of investigation, it was observed that the content of 
reducing, non-reducing and total sugars registered a decrease as the flowers 
progressed towards senescence. In Iris ensata the content of sugar fractions 
(reducing and total) increased throughout flower development and senescence 
suggested that within a genus the metabolic turnover of carbohydrates can 
exhibit changes related to senescence. Flower maturation and senescence has 
been found to be accompanied by a decline in total soluble carbohydrate 
content in various flowers such as carnations, Hemerocallis, Iris, Ranunculus, 
Helleborus and rose (Nichols, 1976; Paulin and Jamain, 1982; Lukaszewski 
and Reid, 1989; Lay-yee et al., 1992; Bieleski, 1993; Sultan and Farooq, 1997; 
Mwangi et al., 2003; Shahri and Tahir, 2011d; Shahri et al., 2011a). One 
reason of such a decrease in sugar levels may be due to enhanced rate of 
respiration which is responsible for the rapid utilization of the available sugars 
as also been suggested by earlier workers (Mwangi et al. 2003; Shahri et al., 
2011d). It has also been suggested that the sugar metabolism is active in 
senescent cells as many carbon skeletons that are remobilized from the 
macromolecules are transported out of the tepal, mainly as sucrose (van Doorn 
and Woltering, 2008). Total phenols generally decreased with flower opening 
and showed an increase with the onset of senescence in I. germanica, I. 
kashmiriana and I. ensata but in Iris versicolor and Ixia sp. total phenols 
decreased during flower opening and then increased as the development 
progressed towards senescence. It is pertinent to note that a higher content of 
phenols has been shown to be associated with longer vase life in cut roses 
(Mwangi et al., 2003). The present study suggests that the accumulation of 
phenols in flowers (petals/tepals) during senescence is indicative of cell death 
and may be a consequence of increased membrane permeability. These results 
are in agreement with the work done earlier on Ranunculus asiaticus, 
Helleborus orientalis and Consolida ajacis (Shahri and Tahir, 2011c, d; Shahri 
et al., 2011a). 
The flowers are perishable and are prone to postharvest losses and hence have 
to be handled with utmost care. Cut flowers when detached from the plant are 
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deprived of the food, minerals and hormones. Postharvest management 
involves the steps taken for the improvement of flower vase flowers. Vase life 
and flower longevity are used to express potential life of cut flowers. The 
termination of vase life is marked by the wilting or abscission of individual 
petals or the whole flower. Postharvest behaviour of cut flowers is determined 
by the preharvest conditions under which the plant is grown. The preharvest 
and harvest conditions have a direct bearing on the quality and postharvest 
longevity (Singh et al., 2001) Since being an important attribute, postharvest 
longevity is an important quality in agricultural products, and it can satisfy not 
only distributors but also consumers. Vase-life is a quality parameter to 
estimate the longevity of cut flowers and longer vase-life is an important 
objective for maintaining flower quality, whether by chemical treatment or 
plant breeding. Tepal senescence in mature flowers is a contributing factor 
towards to vase-life and has been emphasized by various workers (van Doorn 
and Woltering, 2008). Postharvest physiology deals with the functional 
processes in intact plants or plant parts after these have been harvested and kept 
in storage for marketing (Yamada et al., 2003). Postharvest physiology spans 
over the time period from harvest or removal of plant from its normal growing 
environment to the time of its ultimate utilization (Stanley, 1991). Various 
factors pertaining to preharvest, harvest and postharvest have a direct influence 
on postharvest attributes and as such these factors are considered to be vital 
components of postharvest utilization of cut flowers and foliage. Postharvest 
quality characteristics most importantly include flower longevity; changes 
during handling, storage, packaging, transportation and marketing operations. 
As far as cut flowers are concerned, the flower size, condition, maturity, shape; 
besides size and shape of scapes at postharvest are regarded to be important 
attributes which determine their display value and hence the acceptability of 
the product to the retail buyer and to the ultimate consumer. The handling, 
storage, transportation and marketing of plants and plant parts has therefore 
been one of the major preoccupations of human societies in this regard. But 
much of the harvested plant material never reaches the point of utilization and 
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is discarded because of deterioration either due to natural senescence, stress 
responses, pathogen activity or even due to lack of proper storage and transport 
facilities (Singh et al., 2001; Shahri and Tahir, 2010a; Shahri, and Tahir, 
2011a). 
As long as flowering shoot or an inflorescence is attached to a healthy mother 
plant, nutrients are continuously supplied by the plant leading to normal 
development. After a flowering shoot or inflorescence is detached from the 
plant, the supply of nutrients is cut off and the physiological events leading to 
senescence are hastened. Therefore, the thermal or chemical regulation of 
senescence in enhancing the vase life of cut flowers assumes considerable 
significance in ornamental horticulture (Gul et al., 2007; Gul and Tahir, 2009; 
Shahri and Tahir, 2010a). The developmental events from bud into bloom are 
associated with considerable mobilization of metabolites towards blooms. It 
has been reported that flower opening in many species is accompanied by the 
mobilization of storage carbohydrates and the import of sucrose (Bieleski et al., 
2000). The young tepals of many species have been shown to contain 
considerable amount of starch which, shortly before opening, is rapidly 
hydrolyzed to glucose and fructose by the enzyme machinery (Hammond, 
1982; Collier, 1997; Bieleski et al., 2000). The exogenous supply of sugars is 
necessary for normal development and opening of cut flowers (Halevy and 
Mayak, 1979). The exogenous application of sugar supplies the flower with 
much needed substrates for respiration and not only prolongs vase life but 
enables cut flowers harvested at the bud stage to open, which otherwise could 
not occur naturally (Pun and Ichimura, 2003). Sucrose has been reported to 
prevent upregulation of senescence-associated genes and it has been proposed 
that it may act as a repressor of senescence at the transcriptional level 
(Hoeberichts et al., 2007). Sucrose alone, or in combination with the 
antioxidant, 8-hydroxyquinoline sulphate (8-HQS) has been found to improve 
the postharvest performance of many cut flowers such as tuberose, 
Phalaenopsis, Leptospermum, Amaryllis (Huang et al., 1995; Reddy et al., 
1995; Burge et al., 1996; Gul et al., 2007; Gul and Tahir, 2009; Shahri and 
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Tahir, 2010, 2011a). Part of the beneficial effect of 8-HQS has been attributed 
to its effect on stomatal closure (Halevy and Mayak, 1979; Ichimura et al., 
1999) and in part due to its antibacterial and antifungal activity (Reid and 
Kofranek, 1980; Halevy and Mayak, 1981). In the present study, sucrose 0.1M 
alone, or in combination with 0.1mM CoCl2 and 100mg/l 8-HQS was found to 
be effective vase solution for improving the postharvest performance of cut 
scapes of Iris versicolor. Sucrose when present in the vase solution was found 
to enhance vase life, improve bud opening besides maintaining flower quality 
of the Iris species under study. 8-HQS seemed to prevent microbial growth on 
the scape ends. These results are in agreement with those found by Shahri and 
Tahir (2011a) in Consolida ajacis. 
In the present study, different sets of storage experiments were conducted on 
scapes of Iris versicolor, I. germanica, I. kashmiriana and I. ensata. The scapes 
were stored under dry or wet conditions at three different temperature regimes 
(5, 10°C and Room temperature- RT) for 72 h and then assessed for their 
postharvest performance in vase solutions containing either distilled water or 
sucrose (alone or in combination with CoCl2 and 8-HQS). The postharvest 
performance of cut scapes, dry or wet stored at 5°C was found to be 
comparatively much better as compared to the corresponding scapes dry or wet 
stored at 10°C and RT. The deleterious effects of dry storage at cool 
temperatures (including chilling injury, scape or scape bending, bud abortion, 
tepal curling, and colour change) as reported earlier in plants such as Curcuma 
alismatifolia, Amaryllis belladonna were not observed in the present 
investigation in cut scapes of Iris germanica, I. versicolor and I. kashmiriana 
(Bunya-Atichart et al., 2004; Gul et al., 2007; Shahri and Tahir, 2011a; Shahri 
et al., 2011c). However, scape bending was observed in the scapes of Iris 
ensata which were dry stored at 5°C but that was overcome once the scapes 
were kept in vase solutions. Temperature is considered to be an important 
abiotic factor which can influence the respiration rate, response to ethylene, 
moisture loss and physical damage in various flowers (Cevallos and Reid, 
2001; Leonard et al., 2001; Celikel and Reid, 2002; Gul et al., 2007). Low 
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temperature is the most important factor in the successful storage of cut flowers 
by reducing both metabolic processes and microbial growth rates; besides 
delaying the symptoms of senescence through regulation at biochemical level 
(van Doorn and de Witte, 1991; Page et al., 2001). In the scapes of Iris 
versicolor, a particular set of storage experiments was carried out under wet 
conditions at 5°C before and after pretreatment with either cycloheximide 
(CHI). The postharvest performance was significantly improved in scapes 
pretreated with either CHI prior to 72 h wet storage at 5°C as compared to 
untreated scapes. We suggest that this significant improvement in the 
postharvest life of the scapes in Iris versicolor may be due to the synergestic 
effect of cool temperature and the protein synthesis inhibitor such as CHI. CHI 
has previously been found to delay senescence Dianthus, Hemerocallis, 
Gladiolus, Narcissus, Ranunculus, Hemerocallis and Iris (Wulster et al., 1982; 
Lukaszewski and Reid, 1989; Jones et al., 1994; van Doorn et al., 1995; Sultan 
and Farooq, 1997; Shahri and Tahir, 2010; Islam et al., 2011). The ability of 
cycloheximide to delay senescence of flowers has been attributed to the fact 
that senescence requires active gene expression and de novo protein synthesis 
(Dilley and Carpenter, 1975; Wulster et al., 1982; Lukaszewski and Reid, 
1989; Lay-yee et al., 1992; van Doorn et al., 1995; Williams et al., 1995). 
Sultan and Farooq (1997) have reported that CHI while delaying flower 
senescence maintained a higher protein content in the perianth tissue of Iris 
flowers as compared to untreated flowers suggesting selective degradation of 
certain proteins to be an important factor contributing to the senescence of 
flowers. It has been suggested that CHI maintained a higher protein content 
presumably by inhibiting the synthesis of some specific proteases responsible 
for protein degradation (Celikel and van Doorn, 1995; Sultan and Farooq, 
1997). 
In cut gladioli, sucrose and cobalt have been found to be effective in enhancing 
vase life and restricting lipid peroxidation and reduce ethylene evolution 
(Muralli, 1990). Cobalt has been found to increase water uptake by cut tulips 
(Blackenship and Richardson, 1987) and extend vase life by increasing water 
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uptake and maintaining water balance and fresh weight in roses, marigold, 
chrysanthemum and Polianthus tuberose (Venkatarayappa et al., 1980; 
Chandra et al., 1981; Balakrishna et al., 1989). During the present study, cobalt 
chloride along with sucrose was found to improve vase life of scapes, opening, 
floral diameter and reduce bud abortion. During the present study, sucrose in 
combination with cobalt chloride was found to maintain higher fresh and dry 
mass of flowers. 
Sucrose alone or in combination with CoCl2 and 8-hydroxyquinoline sulphate 
(8-HQS) has been found to improve the postharvest performance of many cut 
flowers such as tuberose, Phalaenopsis, Leptospermum, Amaryllis (Huang et 
al., 1995; Reddy et al., 1995; Burge et al., 1996; Gul et al., 2007). This 
beneficial effect of 8-HQS has been attributed tob its effect on stomatal closure 
(Halevy and Mayak, 1979; Ichimura et al., 1999) and in the part to its 
antibacterial and antifungal activity (Reid and Kofranek, 1980; Halevy and 
Mayak, 1981). Our results with Iris versicolor showed an significant increase 
in vase life with SUC (0.1M)+ CoCl2 (0.1mM)+ 8-HQS 100mg/L as vase 
solution compared to the scapes transferred to SUC(0.1M) or SUC (0.1M) + 
CoCl2 (0.1mM) which are in confirmation to the above studies of Halevy and 
Mayak 1981. 
From the present study, it seems to be evident that protein turnover 
(degradation and synthesis) plays a central role in all the plants under study and 
that the loss of membrane integrity, decline in fresh and dry mass or reduction 
in the pool of respiratory sugars, being its important consequences. The 
observation that cycloheximide delays senescence in this ethylene insensitive 
flower system (Iris) confirms the fact that it could be used as effective 
modulator of senescence to study the expression of senescence-associated 
proteins and that it has a lot of potential to chemically regulate the vase life of 
these flowers. 
The study can be undertaken at the molecular level so that the role of protein 
synthesis inhibitors in orchestrating the regulation of death proteins can be 
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elucidated and subsequently modulation programmes can be standardized to 
improve the flower life in these important and beautiful cut flowers. The study 
although of a preliminary nature, identifies a potential area of investigation in 
these flower systems and can be pursued as a viable research programme. 
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